
AD

Report SE-89-03
wi.

APPLICATION OF HIGH-RATE
CUTTING TOOLS

Manufacturing Methods & Technology
Project No. 6828248

DTIC John Moriarty
" CTE Project Engineer
2 01989

0C  March 1989

Rock Island Arsenal
Rock Island, IL 61299-5000

Approved for public release; distribution is unlimited.

ROCK ISLAND ARSENAL

ROCK ISLAND, ILLINOIS 61299-5000

89 11 20 0 3



DISCLAIMER

The citation of specific products or the use of trade names or
manufacturers' names does not constitute an endorsement or approval
by the Department of Army.



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE

Form Approved
REPORT DOCUMENTATION PAGE OMB No 0704_0188

Ia. REPORT SECURITY CLASSIFICATION lb RESTRICTIVE MARKINGS

Unclassified

2a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION /AVAILABILITY OF REPORT
Approved for public re~ease; distriiu;tim,

2b. DECLASSIFICATION/DOWNGRADING SCHEDULE A o f p b c eatecu.
is unlimiteJ.

4. PERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGAN ZATiON REPORT NuMBER(S)

SE-89-03

6a. NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION
I (if applicable)

qripnop and Enginpprina Direct. .SMCRI-SE
6c ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State. and ZIP Code)

Rock Island Arsenal

Rock Island, IL 61299-5000

8a. NAME OF FUNDING/SPONSORING 8b OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)

Sc. ADDRESS(City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO. NO ACCESSION NO

PW, A3297 16828248
11. TITLE (include Security Cassiicaticn)

Application of High-Rate Cutting Tools

12. PERSONAL AUTHOR(S)

Moriarty, John L., Jr.
13a. TYPE OF REPORT 13b TIME COVERED 14 DATE OF REPORT (Year, Month, Day) 15 PAGE COUNT
Final Technical Repor FROM 1982 TO 1988 1989, March 30 141

16. SUPPLEMENTARY NOTATION
The citation of specific products or the use of trade namnes or

manufacturer's names does not constiture an endorsement or approval by the Department of Army

1 7. ".... .COSATI CODES" -I " ' 8.'UJECT TERMS (Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB-GROUP 7 Cutting Tools Turning Coated Carbide Insert
13 Carbide Tools Machine Shop Practice Tool Life -"

::3 Machinability High Rate Metal Removal

19, ABSTRACT (Continue on reverse if necessary and identify by block number)

" Widespread application of the newest high-rate cutting tools to the most appropriate

jobs is slowed by the sheer magnitude of developments in tool types, materials, workpiece

applications, and by the rapid pace of change. Therefore, a study of finishing and

roughing sizes of coated carbide inserts having a variety of geometries for single point

turning was completed. The cutting tools were tested for tool life, chip quality, and

workpiece surface finish at various cutting conditions with medium alloy steel. An

empirical wear-life data base was established, and a computer program was developed to

facilitate technology transfer, assist selection of carbide insert grades, and provide

machine operating parameters. A follow-on test program was impleirented suitable for

next generation coated carbides, rotary cutting tools, cutting fluids, and ceramic tool

materials. Computer program algorithms were used to quantify comparisons among different

manufacturer's tools. Benefits realized are a selective and reduced tool invehtory,

ipcreased yloductivity, improved part aualitv, and more extended, accelerated applicationnt npw rnn ~no"
20, DISTRIBUTION /AVAILABILITY OF ABSTRACT .21 ABSTRACT SECURITY CLASSIFICATION

OUNCLASSIFIED/JNLIMITED [N SAME AS RPT 0 DTIC USERS

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) 22c. OFFICE SYMBOL

Richard alkn, Jr. (309)782-7873 SMCRI-SEM-T

DO Form 1473, JUN 6 Previous editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE

Unclassified

i



This page intcnt .Vi lvn Icf t bl 1ank.



CONTENTS

Section Pap

ACKNOWLEDGEMENT ..... ... ... .................... v

TABLE OF CONTENTS ........ ..................... 1

LIST OF FIGURES .......... ............ ........ iv

LIST OF TABLES ...... .. .. ..................... iv

1.0 INTRODUCTION ......... ... ...................... 1

2.0 EXPERIMENTAL DETAILS . . . . . . . . . . . . . . . . . . 2

2.1 Workpiece ........... ........................ z

2.2 Tool .......... .. ... .......................... 2

2.3 Cutting Fluid .......... .. ...................... 4

2.4 Cutting Conditions ....... ................... 4

2.5 Tool Life Criteria ....... . ... ................... 6

2.6 Toc! Wear Measurement ........................... 6

2.7 Equipment......................... 6

2.8 Tool Life Test Procedures ...... ................ .

3.0 RECORDING AND REPORTING RESULTS .... ...............

4.0 EVALUATION AND DISCUSSION ...... ................ i.

5.0 TECHNOLOGY TRANSiER . . ................. 19

6.0 SUMMARY ........... ......................... 23

APPENDIX A - SORTING PROGRAM FLOWCHART ..... ......... A

APPENDIX B - COMPUTER PROGRAM LISTING ..... .......... BI

APPENDIX C - FINISHING SIZE INSERT DATA ....... CI

APPENDIX D - ROUGHING SIZE INSERT DATA ......... I1

APPENDIX E - MACHINING DATA SORTING PROGRAM ....... !:1

BIBLIOGRAPHY . . . . . . . . . . . . . . . . . . . . . . 25

I iii



LIST OF FIGURES

Number Page

1 4140 Workpiece Material ...................... 3

? Tool Wear Modes ....... ....................... 7

3 Dedicated Testing Lathe ..... ................. . .. 8

4 Tool Wear Measurement .......... .................. 9

5 Tool Data Documentation ......... ................. 10

6 Flank Wear To Determine Tool Life ....... ............ 12

Photo Data Display ...... ................... .. 13

8 Machining Performance ......... .................. 15

9 Observations . . . . . . . . . 16

Ie Tool Life Equation . ... .............. 17

11 Inputs for Tool Selection Program .. ............ .. 20

12 Outputs for Tool Selection Program............ 21

LIST OF TABLES

Number Page

I Cutting Test MachininA Parameters ................. 5

2 Linear Least Squares - Regression Analysis .......

iv



ACKNOWLEDGEMENTS

The author wishes to express sincere appreciation, to numerous individuals
end organizations who have contributed to the success of this project and thL
implementation of the Rock Island Arsenal tool testing program results.
Recognition is due the following: SMCRI-AOE-M, SMCRI-AOE-N, SMCRI-AOF-TS, and
SMCRI-AOF-TA, all organizations in the Rock Island Arsenal Operations
Directorate, for assisting in the procurement of insert grades, providing
workplece materials, operating test equipment, and performing the machining
operations. Contributions of Ms. Mary Croscheck, who participated in
collcting and analyzing the test data, and co-developed the machining data
computer program, are acknowledged. Reoognition Js also due Dr. William
Brewer, who prepared the first draft of the machining data computer program
and flowchart.

K!

I Th

--

. . .. ... " " raq I i II I Il lli l i i n | I i j



This page intentionally left blank.

vi



1.0 INTRODUCTION

At present, the rapid evolution of cutting tools and the problems

subsequently affecting cutting tool selection ape among th- most important
topics in machining. Improved tool management, including cutting tool
selection, offers a practical and achievable solution to the constant demand

to reduce costs and improve productivity in today's competitive manufacturing
environment. It has been said, *there is no easier less expensive, or faster
way to achieve productivity and product excellence than by applying the right
cutting tools to the job.' This presumes state-of-the-art equipment and
trained support personnel.

The machining process and accompanying tool wear are highly complex, with
many interrelated variables and dynamic reactions occurring in a very hostile
environment. Experimental studies frequently are undertaken to test workpiece
materials for machinability and generate operational data, but "machinability"
is difficult to define. It is not a unique material property which can be
more or less easily measured like hardness or ultimate strength, as it cannot
be divorced from the tool or other cutting conditions.

Early pioneering work by F. Taylor (c. 1907) established a machinability
relation, an empirically derived relationship between tool life and cutting
speed. Now, as in the earlier work, the nature of tool life before tool
failure is recognized a probablistic rather than deterministic. Thus,
results of tool tests are influenced by rules of statistics. The variability
and scatter of tool life data is an accepted fact, and scatter, itself, varies
depending on machining conditions.

Throughout the recent decade, and particularly during the past 4 or 5
years, there have been major advances in the development of high productivity
machining, cutting tool materials, and tool designs. New tools with thin film
bonded coatings have been marketed in such numbers, with suggested
applications for a wide range of work materials and conditions, that no single
data base or timely reference for machining parameters exists. An increasing
need for reliable technical data for efficient implementation of this new
tooling was apparent.

Rock Island Arsenal's long range goals are to apply the newest cutting
tools and cutting tool materials for higher productivity and lower costs and
to improve tool management and inventory control. This project set the basis
for meeting those goals by testing, analyzing, recommending, and applying the
latest high-rate metal removal tools and materials to turning, establishing
procedures for continued testing with newer tools, and creating a reliable
tool lif. data base containing verified operating parameters for coated

carbide single point turning inserts. An interactive computer program useful

in identifying and ranking specific tool grades in this database to meet

process requirements was also developed.



During the cutting tests at Rock Island Arsenal, the workpiece materials
were not considered as test variables as care was taken to use workpiece
material with very similar machinability and hardness. Care was exercised to
minimize the number and sources of other possible variables during the entire
study. Thioughout the project, testing was carried out in random sequence,
with precautions taken to ensure observations were independent of factors
other than the prime variables befin studied.

2.0 EXPERIMENTAL DETAILS

2-] Workpiece

The test workpiece materials used in this study were spectro-analysis
verified medium alloy steels. AISI 4149 steel (7 3/16 inch outer diameter
X 1 3/16 inch wall X 36 inch long) hot rolled tubing used for finishing insert
tests was heat treated, quenched, and tempered to HRC 31-33 (see Figure 1).
AISI 4140 steel (same dimensions as above) and AISI 4130 (8 1/2 inch outer
diameter X 1 5/8 inch wall X 36 inch long) hot rolled tubing used for roughing
inset tests were heat treated, quenched, and tempered to HRC 32-35 and
HRC 29-30, respectively. These steels are the most representative materials
for the majority of machining at Rock Island Arsenal, and the hardnesses range
from the middle to the upper end of allowances for Rock Island Arsenal
products. All of the workpiece surfaces were sandblasted prior to testing and
were free of mill scale and rust. Cleanup cuts were made on the outer
diameters of every tube to assure that each test insert cut uniform hardness
material.

2.2 Tool

The sintered carbide, indexable inserts were purchased from manufacturer's
distributors. The substrate grades conformed to the U.S. 'C' classifications
group C5-C8 for machining steel. Twenty-two different grades of chemical
vapor deposition (CVD) coated carbides representing 13 manufacturers were
tested. Each grade was either A1203-coated or multicoated. The A120,-coated
grades had an A1201 exterior layer with a TiC coat just below it at the
substrate interface. The multi-coated grades had a TiN exterior layer with
A1,O as an intermediate, and a TIC or TaC coat at the substrate interface.

Five basic insert geometries were st'idied, lis+'d here in order of both
strength and lowest costs: round, square, triangle, 80 degree diamond, and 55
degree diamond. Round inserts are cheaper than squares and these are cheaper
than triangles, etc. Size, which is determined by measuring the inscribed
circle (IC) and thickness, affects an insert's strength, no matter what its
shape. The strength of an insert is a measure of the transverse force it can
withstand before fracturing. Size (IC) was chosen as a means to differentiate
between those inserts applied to finishing cuts and those applied to roughing
cuts. Cuts were finishing or roughing, depending upon depth of cut (DOC),
i.e., with inserts having an IC of 1/2 inch, finishing tests were performed at
a DOC of 0.060 inch, and with inserts having an IC of 5/8 inch and 3/4 inch,
roughing tests were performed at DOC of 0.200 inch.
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Most manufacturers ofier grades listing a variety of configurations or
styles of molded chi- breakers. For an equitable comparison between vendors,
the recommendations in vendor literature were followed for particular chip
breaker styles suitable for the DOCs and feed rates if the tests. The
effectiveness of the chip breakers was ixamined.

Although not considered as a prime test variable, the corner radii of
inserts was varied to examine the effect on tool lile and surface finish.

Toolholders used in the test# had negative 5 degree back and side rake
angles, regardless of Insert size or geometry. Side cutting edge ngles or
lead angles were positive 15 degrees, 0 degrees, or negative 3 degrees and
were based on the shape of insert, not on the size of insert. Holder
designations were as follows:

Triangular - ATRR - 20-4

MTRNR - 24-5

Square - MSRNR - 16-4
MSRNR - 24-6

80 degree diamond - MCGNR - 16-4

MCGNR - 20-5
MCGNR - 24-6

55 degree diamond - MDJNR - 24-4
MDJNR - 24-5

Round - MRGNR - 16-4

MRONR - 24-6

2.3 Cutting Fluid

During the insert tests, the cutting fluid was not varied. The fluid used
throughout the project was CIMCOOL 400, a synthetic lubricant marketed by
Cincinnati Milacron. It was diluted 1:25 with water as recommended for
turning applications with carbon steels where cooling properties are
important. The fluid was applied to the backside of the workpiece tubes and
directed 6 inches ahead of the cutting torI The flow rate of the fluid wag
maintained at 6 gallons per minute te assure amblent temperature of the
w,4k 1res during cluttrg. All cutting was ccnsidered to be performed 'dry,
des;:te the adhering film of coolant on the rotating work material, as the
,,.< -wo-kpiece lnterfaoe was at no time flooded by coolant.

C 4 ( rtitLr Cordi toi s

The set of machining parameters used throughout this study is shown in
Table 1. Numerous cutting speed tests were conducted at each feed rate
actting.



TABLE 1

CUTTING TEST MACHINING PARAMETERS

TYPE OF CUT DOC (in.) FEED RATES (ipr) SPEED RANGE (SFPM)

FINISHING 0.060 0.012, 0.017, 0.020, 0.023 350 TO 700

ROUGHING 0.200 0.020, 0.023, 0.027, 0.030 250 TO 600

5



2.5 Tool Life Criteria

Flank wear and DOC notching both contribute toward ending useful cutting
life of sintered carbide tools. During this study, width of the flank wear
land (Figure 2.1) was the predominate tool life determining factor, although

nose wear and rake face cratering (Figures 2.2 and 2.3) occurred as
accompanying wear modes. The criteria employed for establishing tool life

(TL) were flank wear limits chosen of 0.010 inch average or 0.020 inch maximum

for finishing cuts and of 0.015 inch average or 0.030 inch maximum for
roughing cuts.

2.6 Tool Wear Measurement

A Oaertner toolmaker's microscope was used to measure the width of the
flank wear land (VBn), the DOC notch (VBm), and nose wear/deformation (VBc).
The microscope was calibrated using steel shim stock in 0.001 inch increments
over the range of interest from 0.001 inch to 0.030 inch. The microscope was

30X power, and the micrometer drums were divided in 0.0001 inch units,
providing an estimated measurement uncertainty of +0.0005 'nch.

2.7 Equipment

The tests were carried out on the Warner and Swasey 30/60 horsepower
turret lathe, saddle type chucker, style 3A, model 3500, (shown in Figure 3)

dedicated to the RIA single point tool testing program. The machine tool was

modified with the turret serving as the tailstock, and this was fitted with a
specially constructed live-center bell end to accommodate the workpiecei. The

lathe was equipped with a finite step variable speed spindle. The spindle

speeds were calibrated with a digital phototach covering the range of interest

from 155 to 851 rpm; this was done at both 30 and 60 horsepower settings, and

under both 'no load* and cutting conditions. During testing, as the workpiece
diameter was reduced with successive cuts, the cutting speeds were

predetermined (by calculation) in order to stay within +3 percent of the
original designated cutting speed. Other equipment included a timing clock,
suitable span micrometer calipers, and a workpiece surface roughness

comparator. Surface finishes were estimated (visually and tactilely) using a
Number 10 Standard Ordnance Finishes Set, manufactured by Universal Machining
Company.

2.8 Tool Life Test Procedures

Tool flank wear was measured at the predetermined sequence of intervals of
1, 1, 2, 2, 4, 4, 6, and 6 minutes until the average uniform wear limit or the

maximum localized wear limit was reached.

Inserts remained in the toolholder while the measurements were made

(Figure 4) and the accumulated wear was recorded along with elapsed time-in-
cut. Individual tool wear data sheets (Figure 5) were used to document the
test data and record assessments of chip quality, workpiece surface finish,

6
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the machining parameters, and other observations, e.g., sparking or
screeching. Wear modes were recorded for each insert edge, as was the
calculation of metal removal rate. The occurrence frequency of wear modes was
determined for each grade-shape combination. Catastrophic failure such as
tool breakage was not found to be a problem for the regime of tested
parameters.

3.0 RECORDING AND REPORTING RESULTS

Progressive ilank wear measurements versus cumulative cutting times, taken
at several cutt'ig speeds (V), provided curves similar to the examples for
finishing cuts ,hown in Figure 6. Plots of this type were the means of
determining toc. life (TL) for a particular insert grade, shape, and
designation rui. under a given set of machining conditions. Photo data
displays (Figure 7) were made to document the test results for each insert
cutting edge tested. Speed (Sp) and Feed (Fd) are given in units of surface
feet per minute (SFPM) and inches per revolution (IPR), respectively. Figure
8 shows a typical diagram of tool life versus metal removal rate (MRR) for a
family of curves plotted for different feed rates. Noted at each datum is the
corresponding speed calculated in surface feet per minute and the assessment
of chip quality as good (0), fair (F), or poor (P). For the same tool life,
highet, speeds ape more economial. Consistent with Rock Island Arsenal
production practice, a 10 minute tool life to achieve 0.010 inch flank wear
was selected for determining the desired cutting speed (Vie). Figure 9
exhibits comparative results for constant feed rate tests for four different
tool shapes, all of the same insert grade.

A complete tabulation of test results for both finishing size and roughing
size inserts is presented in Appendices C and D, respectively.

4.0 EVALUATION AND DISCUSSION

The Taylor tool life expression, VT' = C is valid under many conditions
with many materials. It relates speed V) and tool life (T) through a
constant (C) and an exponent (n), the latter two parameters varying with
machining conditions. Values for C and n can be obtained graphically from
plots of empirical data such as those shown in Figure 10. Here three
different shapes of inserts of the same size and grade were compared. A value
of the speed (Vi.) for 10 minute tool life can be estimated from this type of
linear log-log relationship.

The test data obtained during this study showed that both A120-coated and
multicoated carbide tools behaved in accordance with the Taylor equation. All
experimental data was reduced using linear least squares regression analysis,
and in each case the calculated statistical correlation coefficients were
greater than 0.92. Table 2 displays the results of analytically fitting some
typical data by this method. This table conveys how variations in feed affect
speed fc; 10 minute tool life and chip configuration. Table 2, viewed in
conjunction with Figures 8, 9, and 10, permits comparisons of metal removal

...... ... - !
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rates and surface finish of the workpiece when cutting with various sizes and

shapea of inaerts. Clearly, the results (Figures 8 and 10) demonstrete that

as cutting speeds, and proportionately citting temperatures, increase at a

given feed rate, tool life ;ill decrPase regardless oi the insert size or

shape. This is also true regardless of coating, grade, or substrate. For any

insert shape, as feed rate and MRR increases, t..e speed (V,,) allowing a tool
life of 10 minutes will correspondingly decrease. The influence of insert

shape on Vl0 (see Table 2) was the same as tLe order of geometric strengths

described in section 2.2. Rounds can withstand higher speeds than squares or

triangles, which in turn can out-perform either of the two diamond shapes.
These observations were valid for the AL2 01 -and multi-coated insert grades and
for both finishing and roughing sizes (see Appendices C and D, respectively)-

Depending upon substrate class, coating, shape and style, there was a

sigiificant difference of V,. among some vendors for the tested tools.

For corresponding insert shapes, the average speeds (V,.) at TL=IO minIutes
differed by very little between the two coating types for finish~ng inserts.

However, based or fewer test results for roughing size inserts, the multi-
coated grades appeared to be slightly favored. To compere the performance of

non-coated versus coated inserts, several shapes and carbide substrate classes
were examined and documented in Appendices C and D. It was noted that in

every case for both finishing and roughing sizes where style, shape,
eLbstrate, and feed rate were the same, the coated inserts could be run at
significantly higher speeds (V,.).

Machining data computer program with two example runs are presented in

Appendix E. First, 18 finishing size insert grades for the 80 degree diamond
geometry were compared. Using the same given set of machinlng conditions, the
computer program selected nine Inqerts, which satisfied the application

specifications. Examination of the results for tools No. 310 (a multicoated
grade) and No. 318 (a noncoated grade) of the same size and substrate class

shows the distinct advantage of a coated insert. Insert No. 318 has a TL of

5.0 min., and can be run at only 422 SFPM for a MRR of 5.2 in.'/min. This

means a cost of $0.23/in. while yielding a length of cut of 23 inches before

a fresh cutting edge is needed. Whereas, insert No. 310 has a TL Of 11.7 min.

running at 500 SFPM and removing 6.1 in.'/min. at a cost of 60.18/in.'. It
produces a length of cut of 63 inches before a new cutting edge is required.

A cost savings of 28 percent per in." of metal removed ..s shown, along with a

substantial time savings by not having to index the insert while producing a

preatpr length of cut. Similar comparisons are validated for roughing size

insrts using the se(-ond example seen in Appendix E.

It is well known that as feed rate is increased workpiece surface

roughness will increase Also, as cutting tool wear progresses, surface
quality and chip control tend to deteriorate. These patterns were both

observed during the tests Also in the tests, an increa,e in nose radius for
mult inserts enhanced the TL At a given speed. The increased nose radius

improved surface finishes at various feed rates, independent of shape, IC,

sire, and coating type Therefore, it was not unexpected that round inserts

18



did produce the best surface finishes, frequertly even whet tested at higher
fe-J rates than the other shapes. Also. round inserts showed the largest 10

miinute tnol life speeds (V,1 )

Chip control was independent of coating type, but as expected, it was very
dependent on feed rates Results confirmed that increased feed rate increases
the percentage of good or fair chips over pnor chips, regardless of cutting
speed, shape, or insert grade. In general, manufacturer technical data sheet
recommendations for applying varied molded chip groove styles were validated
within specified ranges of feeds and DOCs.

5.0 TECHNOLOGY TRANSFER

For effective transfer of the large quantities of technical data from this
project to the Rock island Arsenal Operations Directorate, various means were
employed. Individual test results in the form of photo documentation were
prepared, e.g., Figure 7. These displays represented in excess of 700
individual tests and provided rapid visual comparative assessment of results
The photos were arranged in order of ascending MRR according to insert gra1r.
size, shape, and coating type. Tabulated data summaries (Appendices C and
were d:stributed to Rock 'sland Arsenal Operations Factory and Process

rr.-er:.g h',sIrs Included were the Methods and Standards Branch, wh.rp
.s-rts are seleoted arid machining parameters are set; the N/C Programming

Branc. where IrdlChlne cLtter paths are generated; and the N/C Toolsetting
Branch. which is responsible for tool inventory control and carbide insert
ordering.

To foier implementation of the established empirical data base, a user

.;terat~4e tool selection computer program was prepared (Appendix E).
F;gures 11 and 12 outline the inpucts and outputs for this sorting program.
The pro gram permits the entire data base to be accessed to aid the factory
process personnel in selecting a specifc insert best suited to a particular
application and to establish operating parameters. Computer calculations of
minimum costs and maximum production rates also can be requested. Information
on insert stock number, availability, and optimum tool life are likewise
pruviled for the ,ser The cutting tool data base program Is written in
Fortran 77, with versions for both Prime and DEC VAC systems. This

Informatian Is avallable on 1/2 inch magnetic tape to DoD users.

T, reach Dob users, some of whom have requested the data and data base

program, an End of Pr, :-:t Presentation was held on November 6, 1986. and a
paper was presented at MTAI 85 in Washington, DC.

A shop floor test data validation plan was developed and adapted to
production requirements. The usage of 26 top performing finishing size
Inserts (as selected by Methods and Standards personnel) were tracked in
several cost centers using numerical controlled machine tools for 12 months.
At the end of that period it was noted that 65 percent of the insert grade-
shape 4,r rmbinations had been called for and tried. Interviews with N/C
programmers and machine operators verified the correctness of the established

data base and its value in properly applying single point turning or boring,
tools

iq



I- - z

0 < z -

UW

a.-C 0 La 1

z U 6 U) U) UJ ) O
0-L U 00 ZUL5-.Z , U

w~~~ X )'~ a
U) 0 (

o -J 0Z 0 -J-
0 0

00

(n<z
IL 0U

U oF
-uWU z 0

0 IL) w D. WL -1<.
Z W U U 0 X )U

I-. LLa w CL 0
U) z JV 0 u j~J F U IL

ZY ix -. U) 0to

0 0 0



I- m u
z zo z -l

Z XWVuo z z (n
i-I

0~~ z J
P 0 WW 0

V LL U

Law w
w

V) U.

0- cr. W&a.

l U- 0
VZ 0 W0: 0 L-0

U~ 0 0 z 0 F
wLL W 0

_L 0(I >- u- w 0(L

(n OZ w0 w J)~

u.I.- N V) 0 0
Z 0' ' 

0) w

o . z> csL. 0 0

0 z > 21



As a consequence of this project, several follow-on test programs for

machining were initiated at Rock Island Arsenal. Turning tests have continued

using next generation coated carbides and allowing for performance comparisons

with TiC/TiN coated inserts. Plans have been made to test coolants and the

newest ceramic and cermet tool materials.

In-production testing of rotary cutting tools has been underway under
another project for more than a year, as test results are being used for cost

effectiveness comparisons and analyses and the selection of upgraded tooling.
Algorithms were developed which quantify information needed for objective
comparison of different vendor'n tools and for tool edge preparations.
Automatic recording of measured operational data enables calculations of

productivity, cost, and horsepower per rate of metal removed as Well as trend

identification with wear and regrinding. Consequently, certain critical

stages during a tools's life cycle can be monitored and necessaly corrective

actions adopted, e.g., if reconditioning steps are required or if the tool

needs to be replaced. Selective reduction in tool inventory should result,
along with increased productivity and improv-d part quality.

The project in this report dev~loped reliable data on tool life and

process parameters, largely fcP production planning and inventory control

purposes, although it c. oe used to guide the lathe or turning center

operator as to when the tool should be changed. The second project mentioned
in this report, wnich provides automatic recording of measured operational

data, goes a step beyond, since it allows operators of special machining
centers to see the effect of tool wear on these operational data. However,

with the advent of cells, the situation will occur where there will not be an

operator assigned to each machine tool to monitor Just the machining on that

machine tool. In that case, the data base developed in this project is

invaluable for accurate prediction of cycle times and schedules and for proper

tool management, which will not only make certain a fresh tool is available,

but also will minimize tool failure and cutting with worn tools.

Nevertheless, the task of empirical investigation of tool life for all

combinations of feeds, speeds, and workpiece materials would be prohibitive.

Therefore, a third effort is underway to develop at least one automatic

integrated sensing system capable of accepting data on part dimensions and

surface finish, direct measurement of tool wear and cutting forces, and,

accordingly, exercising limited control over the machining. Not only could

this system provide protection in situations zihere reliable and extensive
testing had not been performed, but it could also perform the monitoring

functions that would be normAlly conducted by an operator if an operator were

assigned to the machine tool.

Finally, it is envisioned that data from all these systems will be inputs

to a custom tool management system that will ensure high percentages of

machine cutting time, high metal removal rates, acceptable parts including

first parts in a flexible automated environment as well as an attended one,
providing cost effective machining and low tooling costs.



6. SUiARY

A reliable, empirically derived tool wear life data base for both

finishing and roughing sizes of coated carbide inserts was created. A menu

driven user interactive computer program was developed which facilitated

technology transfer. This program provided the means to sort, rank, and

select insert grades and to obtain recommended machining parameters applicable

to medium alloy mteels for turning and boring. A shop floor test data

verification study was carried out proving to be adaptable to production

requirements. Algorithms were developed permitting quantitative comparisons

among different m"iufActjr#?' tnols. Benefits have been derived from more

universal application of coated carbides, and selective reduction in tool

inventory, setting of optimum machining parameters, and improved part quality

as this program has fostered the extended and accelerated application of new

and upgraded tooling at Rock Island Arsenal. A follow-on testing program was

implemented, which is applicable for next generation coated carbides,

coolants, ceramic tool materials, and other projects for rotary tools and for

machine tool monitoring are supplementing or building upon the reported

effort.
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PRMAM 'TMDL06
** * * FILE WATE ********************** 'TTXL *

C

C CIM JT SYSTEN : PRI'E
C
C MFPX 1A1Th .APfI GE :R WTAN 77
C
C SYS'NC DESI(M'P BILL VE'R, MAI'Y (T1{-' E
C
C VERSIQN/DATE: 6 / 01-JUL-1986
C

C
( I'MPE :Sr/TS 111F T=T TATA M TJ .o . r ISE -- r'

( ACTTflDING /n C-IP rXUALTY ALN, SITrFA- FINIS'H
C .ELEr7S FEEDS
(7 cr'Ur SPEI77, ,T.'7A, .RT ?DVA, TZA.T, 1JE-.VT O r7T,
C AND MST

, S3UBTPI.. CALL-7D 1 MN SC7ZT
(72. F TfRIAX. 7 1 7. P,'7 '41I

r 3. F S!.JAIE 8. -- SriIA.,F
(7 4. FC _DIA7YTF 80 9. 7Z C' DIXr7T) 80

5. FD-DIINmT -55 10. p.- .)vInTr,-55
6. F TY'qN 11. ,_ TN

,

(7 I:PV' S

7 1 Size of Insert ( finishing or rou hing
C. 2 Shape of Insert ( triangle, square, etc.
I 3 Finish 7equired ( T1icro-inches T- .i,

C 4 Chip ,Quality ( good, fair, poor
(7 5 Depth of Cut ( thousanlths of nn inch)
C' C Fee! (

0 a) User speci f i e,
C h) Program scarcs ( atn for ALT, Feeds

7 7 To Ii fre
a) User specifier (minutes

C" h) Length of (ut ( inches
C c) Surface Speed ( feet I min.
C d) MIinimun (7ost -- approx. based on user supplied data
C i) time to change insert ( minutes
C ii) cost / edge ( do!lars
C iii) labor + overhead rate ( dollars / hour
C e) Tax imrn Production
C
C --------------------------------------------------------------------------------------
C
C OuImITS

C 1 Inputs Restated
C 2 Identification of Selected Inserts
C a) Tool or inventory nwnter

B3



C b) Vendor
C c) Grade (coating
C d) Geanetry & Size code

C3 Spe~eds
C a) Surface (feet / minute
C b) Rlotation (revolutions / minute
r 4 Metal Renval Rate (cubic inches/ minute
C a) Based on closest empirical data
C b) Carputed fran specified depth & feed
C z.tt' C f clut 0i Too: Life (it not specified by user
C 6 Cost -- for optimrum tool life (do]IRrs Icubic-in&!!
C
C FILES USED
C
C F ILE NM EI\1IRICAL IA IRYP TM'P 1/f

C F TqII1ATA 'IRIAI~fATZ INSmTUS IN FINISHIMT DISnK
C FSC&fl4TA S(JAPJ1 INSERTS IN FINISHNG DI STr
C F DI A8 OATA 80 DB3 DlALTNID RSES 174 FINISHINGT~ DSN
C F-DIA55DATA 55 DM DIAMtIM MOMRT PN FINISHING DI SN
C tF3JWTA lUN) INS=,fl IN FINISHINGr DI SlK
C RTRMIIDfA TRhANGJIATZ INSFRTS IN WTOMIN" DI SK
C Rf-"_ hTA "IATE INSERTS IN OU-7iN DI STXI
C7 !RDIA8OIWFA 80 Drn DIN-END INSERT IN TrXM.Vr, DI SK
(7 R7DIA55rATA 55 DET3 DI.VUND INSTfl IN DiYIPST<DIS
C TfEIM~TA JUJND INSE=T IN TUXING DI SK

(7 1

LEM, SELar-hS ThE SI7E AZMT (~TJ1W (T =PlT IN TrOL
(TEN APPTYPRtIATE IATA FILE

C 2.
C USM, CIMXSE PRIOR17T (T- S3~TINr (-(HP qTALITY! SITTFNT FINISH)1
C USIT, INP[JT PARA~rT;S CF CU=IW rrITICN'S

C rDF? T -W 3, FED, 1T),L LIFE)

r 11T-1 W OPTI(WIn 1 SPE-IFY FEED- MT 70 LEAVF 77tr FED OPEhN
r (SO S(T 'fll7Ji AlA., FET

C USUR Wik OPTIN 10 SPECIFY 'TYT LIFE IN qT-TT OF MINUITS-,,
UL,4711i C il', SIY1FA'2E SPEED, ',TINIUMS\ TT,

C Mf M1\XIPM PTMYTrll
C ( ~~LAST RJJR r(VCS MJE rfl'.VErT'E1 1 ''TMT"S

C 3.
(7 IM All, INSFIFM 1I(11 PASS lII, (711P fllALITh' AND STRr-FArT7

C ~~FIN ISH PITKIiI TFEIq. A SPEED FMI flIF PAJTA' rwrTFT q-DSp
C ~IS C-AJOUIATE ANDf All, INWP/CILMP7~ I)TA IS SiflNN 1M LEM.

(. 4.

r USER \flY RFE-ENT~q PIVYTAM AT 4 mrOWr:
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c * RERM~ 'MO BrnIMNNM (1' fx*XA'
C * SUFACE FINISH! OUIP rXIALI'!Y CPTl(1VS
C * FEED OPTIONS

r * 'ICL LIFE CPTI(14S

C 5.
C (MXSE APM~PRIATF fl'TA FILE
C EXIT rI
C

C
C NAMEI E1UINITIC4 'TYPTE
17- - --- - - -

C T-Eml ARRAY (T ALL POSSIMYE rXU IS TESTED, MAT,
C SPEED ARRAY CF SPEEDS 13ASED (IT 1TIL LITE R3P NS"T UWAL
c FEED ARRAY CF ALL lOSS IBLE FFED~Sr TTFAL

C 'RXAFE ARRAY (F 'I, LIFE (IN \IIN.) FrJR~ INSFtT TES";TM PFAT,
C I ARRAY CU "t7AL RE\DVAL RATE FORI INSETTT PLXL,
C I ARRAY (T M1. RZ. R. BASED CN LEER IN"ITED VAITJP.-- TIPW J

c RP11 ARMY CF SPEEDS (TN RP-11) FM~ INSETMJ TREAl.
C U11I, ARRAY (T LINJ%-T CT R)R USER NPITK EP VALUES PIAT,
C, C ARRAY CF LRIM (T (-7 FOR TE.';r PARA2'OEFMIS REA,
C AS ER ARRAY OF INSERTP EFSMIPTICNWS A79
C ANUM' ARRAY (F CATJI'1C14S MPY 'Tl7 INS=,T A79
c ' AI I P ARRAY CF POSSIBLE- CWP CLIALITY (I1PV1'S A50
C SFINISI-T ARPAY r(F (UIVETD SURFArT FIN1SUIE9 A10

KS=Er~ ARRAY (TF INSFm' INnEXFS In KEEP AVT FP ';-TrI
C KDUYPT ARRAY (IFTF n CF riprir mPmrxr A=-E~ S7,r 177

I WE ARRAY CF FEED INTXES TM KEEP AFTER 9fl 1
C IAXARRAY (IF INSE=7P NrX-%UI9 "=TE B3Y jr'.'. T
r7 sr.INTIl ARRAY OF ALL ST.7FNAT FINIST-n "ITME
c IFINISTI ARRAY OF STJPFArF F I NI ST INDEX PM7 INS;1'
C 1IP ARRAY OF M3-IP CMJAITh INDEV Fr7P MIN S
C Th PTH'J ARRAY OF I 'TN. Ur2 1rERT= P71F INSET R.
C ThI% ARRAY CE SILOPES OF Iffi .PbIDT P7M INSErTS IM
c -------------------------------------------------------------------------------
c '1E %AXI'U' WUVU3E rF rNSF-Yr TOSSIBLE R31 A."A r7W. ITNT
(7 NS =3 NIYMET CF INSERTN "T 'TM PAWI' 1(33X 7" F7T1' PIRYTT
c PDTIHS MAXI U7 MNU'43E' (T. DEFIS IOSSIBLEY P-P XV~y rJ3' I'-
C NDMPi}IS NUM~EP rf- TETHS Ru)P 'MiE PATI rThR (7-)T 1TY MNT
C7 " ~~E -r M \NPVTYI NUiM3ET CF FEIU)S POSS IBLE FM- ANY (rl 11,11

C NFE~s NUIB~ER (F F=FT 137r 71W PAT'! TIAP CrM TPR IM
C W.INISTS '".XIP' NTJI3ER CF FINIS!UF3 POSSIBL BIM ANY' riT1. ITT
C NFINJISN WUIRER1 CF FINISHE:S I'M 74P PATICUrIATt r~fT.,1'RNY I N7
C 'MTIPS '%RXIN'4J NUVLWr (F r3ITP TOSSIBLITITITS ", ANY (M.1A. F'"'
C N'3IIPS NTY3ER CF (3TIP TOSSIBmiLirs "i PArTICUlAR rB71. IN
C MTETiEPS "1kXIM NU13E M ( INSTI?T/FEED r"- 1TkAT1(IT MRS. TNT
C ITEM NU311 (F ITS ErT/FEED rrlIRATTIM1S t =Y1' TN7
C M NIT U'11T FILE NW3ER P-n APPflrMATE (11371. IYTA FilE. TNT
C T IILr 114T FILE MME~ FM APPr~rIAIT Bfl rTTA FILE A] 0
C (Th WNANE GB7i1TMUC NAIE IM INSERTS URSED IN RJYVATS Al 5

C
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(1ARAC't-R ASHtAPE
OHiAYWT ARUN
(J-IATRACTER APNIE

YIARAY71l ASIZE

IMRITE ( 1, 10 )
10 FORIAT (1111111,27X, '-k1Aj-INI W',, F-ATA P XO N.' ,//I,37 , 'FOR' ,//,

& 27X,'FINIStIIM; / Tr-UINI SIZE', //,25X,'CATF .A13,r'
& 'rirrIrnW INSEVS ',//,35X,iUSED IN',//,3Ox,"ThnNI' '1'ETrA'1C5',
& //////,26X, 'HIT <PZRN> 7Y) (TYrIN-T' ')
RFA'D ( 1,'(AI)' ) AP'3E
I, .1ITE( 1, 20 )

20 ------T( /////,30x,'-xPr Ir.r'rAL',/,3OX,' ',//,

'D UlIId 'l'T -- Single point turning using a 30/60 ',

'horsepower turret lathe',//,
& '(Dry~lM$ (DK)I'rI -- r cr cuttinj only -,ith fliiii ',

& 'cooled 'orkpiece',//,
& 'rPI1E. "ATE IUAL-- AISI 4140 steel, hot rolled tuhing ',

'for finishing inserts.' ,/,22X, 'Heat treated, Quenche
d( 'and Tempered to TIRC 31 - 33',!,lGN,'AISI 4140 ',

a '& 4130 steel, hot rolled tubing for roughing inserts.',
& /,16X,'Hleat treated, Quenched and Tenpered to , 31 - 3.1',
&. //,'TOOL VATErLiALS -- Cn) coated carbide inserts', 1,lqx,
& 'AIDX : AJI exterior coating with Ti coat at ',

'substrate ',/,27X,'interface',/,]gx,
" ilti : TiN exterior coating with ALt coat inter',
'mediate, ' ,/,26X,
'and Ti' or Ta(' coat at substrate interface',//,

& '"WL FDLTN7PS -- Negative 5 degree back rake and side ',

'rake angles with SCFA ',/,18X,
'ranging frcr + 15 degrees to -3 derees depending on ',/,

& 18X, 'shape of insert ',/,26X, 'I <RETlJ-7 Tt) T, I\'E")
R'D~)( 1, '(Al)') APRV7
'TdITE( 1, 30

30 FOAT( //,'X)L IS.rTr SIZE-- IC = 1/2 in. for finishing
& 'cut, Tm = 0.060 in.',!,
& 21X, 'Iq = 6/8 in. or 3/4 in. for roughing clt,

IT'IM = 0.200 in.',!/,
& 'TO')L VFAT? CRITERIA -- Finishing flann! wear limits',
& ' - 0.010" ave, or 0.020" nnx.',/,

23Y,'Roughing flank e limits - 0.015" ave, ',
'or 0.030" rmx. ',//,

'MEASURI,, PTXETUP Y -- Tool flank wear wts ',

'measured at prerleterine timc',I,25N,
& 'intervals (min.) tint iI wear 1 imi t wns reached'
& //,'PERFOR.'ANWE -- Tool life (min.) was recorded ',

& 'when the flank wear limit was',/,17X,
& 'reached, and the quality of chip control/',
& 'form were judged and',/,17X,
& 'given a good, fair, or poor rating.',//,16X,
& 'Wbrkpiece surface finishes were assigned ',

& ',Tf(micro-inch) values',/,17X,
6 'by visual/tactual corparisons using a Std. ',
N 'Ordnance Finishes',/,17N,
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& 'Set No. 10.',//,16X,
& 'Wear nvde patterns and oceurance frequency '

& 'were recorded per',/,17X,
& I'insert, as vms thi- c.alculntion of r-rtal

& 'reimval rate.',/'/,26X,
& 'D=- RP7L>1,-JTO 17TI'
READ( 1, 1'(Al)) APACE

40 WR~ITE ( 1, 35
35 ~'~(////!,/ O,'Select Size ne Insert to be Used:',

& //,T30,'1 Finishing (IC= 1/2 in.)',/,
& T30,12 Roughing (IC = 5/8 in. OR 3/4 in.)',//,
& T30,'E Exit fran the Prograrn',/

RFAD ( 1, '(Al) M AIZE
IF (AS IZE.FT). 'E' OR1I. AS ZE - M-'e' )YT (T9 9
IF (ASIZE .NF. !1' .AND.

& ASIZE .NE. '2' .ANT).
& ASIZE .NE. 'E' ANT).
6C ASIZE .NE. I'c )R C,!I

INIITE ( 1, 70 )
70 F)R1AT(//,l0X,'()nly Nuribers 1 or 2 or the letter I-',

& 'I can be rearO as answers.')
(TM, 40

EUSE
ED ID F

45 MITE ( 1,50
50 RWHAT( /////////,IOX,'Select Insert Shape',///,

* T30, '1 triangrular',!
* T30,'2 square',!,
* T30,'13 dia-mnd 80 degree',!,
& T30,14 dimnnd 55 degrree',!,
& T30,'5 roun~d',//,
&T30,'E Exit frcrn the prog-rain.',////)

C For Response 2

REA) ( 1, '(Al)' ) ASEP
IF( ASI-LAPE.EQ . 'I. AT). AS IZE. P'l1 ) ('Al F--tI t'1x1A1:
IFN As,,iAPE.mF.12 1. AND).AS I7.E.!'' FP I ' FS04JAM1
IN( A91 APE. M. '3'1 .AND. AS IZE. EO. 'I (ALT, FC DI.AXTW)_80
IN( ASHAPE.MT.'141.AND.ASIZE.If. 1' ) CAL'. F-r Di.A7'w)55

IN( A9IAPE. B"). 15 .AND.AS I ZL. TIP). I' ),,I C Fll tT[

IF( ASHAPE.FP.21'1AND.ASIZE.D.'2' CATAl, RSCJR I
MF AST IAPE. IT).'!32AND.AS I 7. F;-).'12 ) ('AL, Re SrIA'1\)S

IFN A.131AI'E. M. '4' .ANT).AS IZ U. '.2' )Al.RDD7IAY'r) 55
IFN ASHAPE.Ef.'5'.AND.ASI7E.I.' -.-V J, RIJ-fNP

IN( ASTIAPE.FX. 'E' .ORTLASLE.ET". 'e' M 9~l7 9 9
C
C Escape for Tlesponse 2

& AStWAE.N1. 2' *AND).
A STIAPE.N.'3' .AND.
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& ASHiAPE.%TE.14, .ANL).
&-. AS1!AP.NE.'51 .ANP.
6c AS1LAPE.NE.'E' .AND.
& ASIAPE. NE .'o ) 'lTRN

IRITE( 1,60)
60 KICRAT(//,10X,'ONly mnrrers I to 5 or the lot teir T-erm be '

& trend as answers.,,//,
& lOx,'flive it another try. ')
CiOlT 4 5
ElSE

9 99 CAUl IT

W\~)

SUBRYX71NE CTN_Srr( 'UNIT, DEILE, GE7PNTV 7:

C'Arraiy Dimension Parmters

P)AltkT= ( fISZ=25 ,'T:FffPTS=1 ,I1FET)=4 ,'FINISTIS=6 ,1,T7flPS=3'

C Dimnens ion ARRAYs
REUAL DEP'fl( DEP'flS ) ,FEED( ATFEEDS
, FA1, SPLED)( I=E MiS TMLIFE( ',EFTPE3S
TIEAL T.M. t( " EEPTFS )U PR( 'VTTEEPFS
MIAL TTTRR( *,KWTtS
RFALV rDST( - KTEPETS
REAL, -d-i( %KT'rpErs ), ur( WEPEs imr( iYT.fPrS
m-A1. SFP-., UTmT, P1v., 1mDLIFE,

(T{VlATFR*80 ASFrPr( 'll.EPTS
rl~~=M8 AN(Trl( 'lTlS!W
f)A'TFr'r~q* A'rn!P( r.T711PP
7 irA1(T=*10 SFINIShr7( M n
I NTR_ 1XhI TMT)f, iTTlf)VI'f

I t.rrmm fown('IEP~
iN'r rnR Kr)Efij( m''KlE7ms

INT1flER KFE M)( ,TEP M.S

I NTBrZUR IFINUI 11S-rTS, "PETILS, PEITS )
IN= !X3EZ VIC3IP AEM.-), 'PP', lVET )
REAL 'rL I"[N( MSErlTS, *TFlP71LS, FEEVTI)
TjAL TI IV( '1TS , 'T)EVTlr3, FE7TTf)

l 1VkACII 1 PRICU1ITY, DEPTOPT, FITOPE
Q(i]lAW7M* I APT, CflSTX', A(T T
rQV{Ar1TR*15 Gjrfl, WE\
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0 NV1'rM,'it DEILF

C
C***** Uitd FkXTA frxri file

OPFN( ',UNITl, FILE = DFILE

C **** Sk ip coincn t i nes i n dn ta f ile ,%i th a READ and do not h i n! UPP'.

in 10 1 1,11

10o FD

R' oad paran-etric variations used in tests

t i'&ad Data Parame~ters to be used for the particular
C geanet r ic Data file being read fra-a.

WbAN( r\NIT,* NSDnTS, NDEPTS, 1HTST, NFINISIS, N11IPS
tZ.Y'Al =NFINIS119

I F ( \N Ers, 1P. 0 ) 11 IN'
Px~xAT(////////i=E lo, i2JO INSEITS 'tTST21) IN' ,

1!XP GETIE1RY AT THIS TIE..I/
20X,1'PLEASf- .1Zy XYLEtC4ER

& ~~20X, 1Z-TU~j ANY b1N'lX ('MTINUE' ,//)
PJAD( 1, '(Al) ) AP.'Tfl

PLSE

(: ~ Skip cxnnent lines in data file '.itti a PEN) and do nothin fl Y.

M )20 1~ 1,3

0

1'2ad [AnIs of Cut tes ted (thouaildt s of an inch
~'PM: 11liOerS NI.wst be entered in tile DAYA file fra-n thc
(7 siallcst IWf31FASMN to the linrgest.

C' 4***Sli p cannont l ines in dnta f ile -J t h a READ anld d1o noth i ry~if

I) 30 1 I
30 UlAD ( 'LMIT, 'Ii)

Ytenad FEMT var ilat ions thousimndths of an inch
ITL~': nLL1bers trust be entcred in thc PX'A 1 file fra.n th

sivil lest INNEASINC to the lor:,ost.



A~(~r~ T,* (FEED.( TFBLTI) ,I ('rm , 1NFrm

(.~ Skip ce'jlIpcent lilies ill dlti file A ,Ith a PEPJD )1n0d1 rio tliifllt TF

VFn 40 1 1,3

'ad sur face FINISIs ohtn i red Fr(-n tes ts ( ii Po-i nchs)
' FY11: na,)ors TTus t ic cntered inl the !lAVA f ile ficrn the

s~I les t 1 %YUA3i to the 1 n rg1es t

SSk ip1 caii rnt i nes i n daita f ilIe wi th a !IEAD iin1 do noth in I/~

mD JO I 1 17

Pd-Thw: surfice I'INISIS1F for output later in progran
IF iE Fini she s irtust bo en t e red0 i n t I e I-AI\ f ilIe f r o t he
sna11ile~t 1rCiTSt~to the largest.

0 r V) I I T, 'IXIO) FFI !P

** Dk cor'nnt Ii nes in -'%ta~ fi I e vJ'ith a REPM)l and do rioti n! '-

11) 70 1 z1,3
7 'lTADQ( 'U, I '(I I)'

tidi (1111' clualities obtained fr'av tests
'DIT: cloCr ipftin offl 0 rnPS T'iust 1) entered in the DATA file fI t.'

1311Sf procce-ding to the VI''

C Sk i coi n I X 1 t lI ne:; n r du t n f i -ji t h a !li1,V) and do no t h ii' v, '

11) 'I I TiI 1 11

)<Il I f I-) eho ie ol inser t Sfl'\P

~~~~O~~ v.'A[ //,S,'Pr~'~vi sc ser,-TATA f or the

emO



1, A15, ' insel-ts tested.',!

At-gad IN.E~ idenitif ic21tion Iines;
C (2 1lines of 7*u spiwes for edieh insert

TOD 100 INS M'1' I ,>I11"RIS

100 (~14r

110 LID 130 '. 1,NSV'1'S

lF( ( 1' -11~5 )1 TG. IN
v-,TJ'f( 1,120)

120 {).CAT (/ ,5X, Entc' uy key to cont intie

I ' Nl )I F

7'.V )F (A 1,1.20,.

C **Skip coxmment l ines in datu file with a RJAD iind do nothil' 10-l".

D-) 140 1 := 1,40
- Rl L N)xv .LN I'P '(1I)'

UZP I* i~d a ) i vi ca I US tI N f ro;1 teS ts inIIto0 d at a AITIYS

if) 170 INSEI7111 I 1,NSOMflS

MrIG 160 ivir=rI.,M171P11)
Mf 150 IIT) =

IL F I 'IN"I( I N~'s I I i)T'i I, IFEED

11, 1I11N( ENSICY, IDFU1 1i, 1 FEED)

160 (fl'JI tJL
170U I\'>J

'I-,iiu 2 - lioicc uf P"JOZiIYZ1

160 v~zu'i'r 1, ijO
100 1IYxn'VF( //// //////O, ' O.So F TSP I'l-ior ity' //

T13 0, IF surface iish',//,
%'3 0, 1 0 chip Ixuuil it y,///



Iv( ~'i~u'~Y~rY~.1'71 I.ryl1UlY. I ) mN

flrnc for 1st priority surf'ae Fiii,;h
1gAI 31- ,)';k Ib)r 10i rlui -' U 5h'fd(, i'iInj h

Oi ?b1u2 1,210
210 0 MWi' //////',/////// 10'"( , ' Priority I 'in

''i "i sh', T/,'2J1 '" i n urfa f -c i ih yo i

1AI.i 1A]M,1§ f Wish Sb o ii~Cll !;j Jt:1 fi Iv LESS TLI1:XT or equal to tha,-t ~ Pl
flE:n~tiwer3 ts It t be en t ered i the V YEA f ii c f ran the

.~~ I I ('t C {i )k t I rgeF s t

If)22TFIN( 1,3 FINIH, IT'''s

iTYlliWE( /,'/26X, 'Youl scc! for. ' ,6 . 0 miCro0- i!''
f i ifi. ,// ,2uX!, I'Sur f ace i n isht la to f rcw tes t ro';.i! t,;

Ith: t', !2 ON, Iare cIa~r; to your specif fi'at ioa'
firc P',// J.15 ,AI , I micro-inches Tr N ( ',

Yc):ac to', 16, IM P;) //nl5n: 'All rcul ts
thitt fol lov 111 b basal on this vii ue. 1,

%-sk filu r, io e1

A L Ox, iofi it,, 2

/,lox, 'S we i ry Mst blip (~ua I IN.v
you C''n I liV! 'vi th LI

C) 2ZUU J1 I 11) 1 PS 1IV

24? KOM



\~Vi(1, 27U ) Nrl ! i ( ff7l 11 P
270 H~ZA' ////,/, 10, '(-nl IN 1ta for v4i&l

(-!I i P) ' UA I it ty C'Jua s or exceed ,'
/ ,20,AX50,, 1 ' -v''i I I he cc) isi (i '

]-Wv\l\T( 1/, ION, 'Onily nu~iiwrs I to
&~I'! 1, c(..In be v(2Uad., )

// ,20:, 'Pl1ease try aain.I
G3119 240

C rztrwi for 1st priority chip Culity

2 \i-,nu 3") AXsk for requ ired chi -iial liit y

C
2'J0 I.rwr: 1, 300
3100 ruzQAkv( ///////////////,10, 'Priority 1',///,T3U,

14 'Specify Chip qUality you mist ha1ve:',!!
ID 310 1c31PS = 1, NCIHips

1,T (11, 2 0 ) KriP( l'P

if" E 1, 2 I ) 1 I II:, =I1 I

J30 1~Y~'.AT( /,1, 'i8 it 2',//,1'0,'Tpei

sur face finish that would be apceptitble in',
/I /T2 0,n 'i c r o - iicI n es I I~ ', I/)

iJA) IT 1, 3 32 D FINISH

7 I, i , j l.,S T f ini i s h n uIAr er i n di;iIa f iIe t o t! int s Pecificd
1 D IT: SENI minst be read into approprinte DA'TA file frmT1

C the s~tl lest to the larigest.



1T

( TM) 130

I J

[Xi) 3 40 11 1;i 1 i:.'S '-

I~ ~ F 1'' ",I. S FNSL4 r

.~': )l F

I "- l

to'I1n

11 ln AT( 10K, '()n!\, tI:t let ter r.F or Q enn !,e r,

*:r &' U.'iCC' I :I i 11 tV' Pr ior i ty h inchli i,,*

I I!Jfor' : jtI; Al t'U

;~~:'~i / ,2u : ~ U t )f(Alt you '.\,nt ill'

ioi ii )

F i Ill tho (Ih8V I jy~)" t:I r l f" to IXY' 5ro~fjiedI

'4 Pt iIS WI it WI frVanI th11u
t I ~'' 9the IlI P'

4 I' 4' 4' B'4



(DRl) 400

if( a ,.( u-. V,)Vi-jY i( ;1i -i iI ) ) T iI

D-) 3J0 V)EPP! I ,N P'llIN -I

E~ND I P

(Fffl- T)EIIM( IDERI1))) P
j1X2,11I I jOEPTII + I

ELSEF

3 0~ ~~) 1WrIMJ

-!kuu v,- 11,1( 1,.110 ) rrr,/Iu00. ,PLcm( JJ7m3Pml )/1000.
*I10 1u~AT(//,15X, 'You asked for a' ,F8.3,

inch I>"pth Of (Alt.
//,2UX, 'The DFJI!1 for ,fieh test results arce'

I ava ilIat. I(-',
/,20)1,' that is elu:est to your request is '

/T2 5, F10. 3, i fieli
6(/1 15X, 'All resullts- that fol low M ll be based',

on thlis V,1I ue. ,/)

!c-nu 7 'ioico of Peed OlYFB1§

4120 F.IT( 1, 43 0
.130 V0 ;'AI' //, I'J\' 'C1loose Feed Oi'!'l(CY,

T2 , 1 Use r Sp~llM1!,.) Food' //
'_ 2 AllI ava ii I I'J l) d ATA t ha t sit i s f

/,2,' Sur face F i i s> * ch i r -Tia 1i ty cr-i toria',
/ ,T~~wi , Il be (XJ;Is i ~rJ /

*Is o -. 7 * * * * ''4 4 4

RJ'AD( i, ,(AI)l FLTXT I-

T F( ' 4' 4 * * 4



'Aiinu 8 Ask for FEED

W i.X7 U/// 'i' c>,F!lfpto ser Spevifio&
F cd' Ji'/ ,PU ype the FEFID "Oil v.innt it)!!

~~T'23~ h Uo4 0h of .(Ii jneth / I''. "/// v

F i1Wv the CVf)S'2 FF'n tho f ile to FEDF spocified.
Note - TFJ); :1 Lst be rn' i"'' 1lT t ! tP II theI

~it II '- t PY 1%,N to the Ilargt.

INI

-O!Y) 470

I F ( FIT). rE. i T -I ;1 '1:-,A )S '11 r.;
JF~fD

I flu ~Ct l I ll

4~~ Y , UY). TI.( f£( 1 )xYt jr F

ZO, ?llJi (. LB. h tV'E - t ILI.P I )s arc,

i ( ;;r( i.' ;r to Ycif ) - IjdctD ) *j

It ~ FFJ(IED
rmT)

i b'4



/20X, 'sat i 'y in1- the speci I'i ed,
/20x, 'f i n~ anid cip e!r i to r' i4.'l

C' ***~'*~'*Escape fran wrorvg response to r'cnu 7

AjOFY !( 20X, 'i ' t~te niin''czs 1 o r 2 1iito i rc'
'as ai response. //

IlOX, 'PIea-iso t ry tigain. 11
Cil) -420U

IN-

CEnd 9f "Feed Ol1I(W'l branchiit '.

k' SCE'Pr for "sur*face Fi ni sh" and "1chi p Qua I i ty"

P0 520 INSE0 1,'NSFJ~TS
DD~ 510 IFEM. = 1,MFEIlC

IFi( jjT.,D.Nj. U )AN.(JL)N. flJ) 5 )cj 1 o
I F ( (IFINISII( INEII, JEPfl, IFEtI- ) u:v':

& .~AND. (IIPI( 1NSMT~, IDEPIII, WEED) )M.

I N~ )I F

520 ci~i;J
JMEEP' K-
IF ( 1a;PIR.IxD"). U aMm 70 U

C

' Jiu 9 T loo 1 ,i fte /Loiijth Of Cu~t Ci'!(T11S

C

140 F(T".'V( 10,I\, 'Mloose Tool Li fe OPTYICM.
I/~X,' user spc-i fi es Too]11 Life' ,

2 07, '2 user specifies Eength Of (-)t'
6: /2 UX, 13 user sp -(-i f i s Surface Speted'
& 2 W/,2ti, '4 opt im~iZ toolI life for LOWc';t C'OSt'

/0,'5 opt imi ze toolI lif ( f or .x imun Clu t pu t
17K, 'N'ote: 1Qesul ts ar'e mns t re iIciil ill Owe Toc

rmnge frow'
2 0-ir, 'to 25 miimitos.

li 7



2 O,2X, Ca!lplltat iH oilr1c. 1 ird ted to thi s ranje.

2 1 esponsc J T 'ool Life 01 i'lr),,

yFAI) ),(I' R 30 )'YbVf-)
Iv F W;m;)I'. IT. . D'P.:v Cr110 530
IFu('r1)T v..~ rr ~ 'irUVi'.fr'. 3 )'u

5J~ 65

330 IMIRTE ( 1,560
360 FY).\1T ( / //// / //////.//lox, 111ould you I ike2 the e'ost('

'per' cubic inch g,,iven in the output?',/,25X, '( Y/N '/)

IFA ( M S1 A t)C. ,'Y)W' U

C f)Sljji' .NE7. 'N' .X'D. cD;~PN.n nn556

,353 'A"ATE (1,570
570 1AT(/////////j,2u:K, I'ype the fliumtr, C)f 1,

3 Iu 21)XP 'TFp. thi; TooIi ife you need in',,

3OX, 'mi nu tes'1

RiAD ( i* , I:: ? - 53 It Jft!

IF ('11rMf,1' ) 1
VR' TI( I 'Ut
P & AT ( //,2UX, 'T!y'c tii Sn' fc'C A)C you need& inI

IU2\ (F ~ . .

EN t1



630 \\lV.IE ( 1,540 )
640 RXt ALXT ( //,20X, 'Type apporoxibrte Cost per Edge for

& 'inserts in',//,307X,'dollsrs / edge'
REA) ( I,*, IM 630 ) (pI:

u50 .RII ( I,CGO )
660 IUi-n.T ( //,20X, 'Type the Labor plus Overhead rate in

//,30X, 'dollars / hour'
RFAT) ( I,, Y.DI = 650 ) 111Th

Z) I F

C ,01 u te SPEED ( surffce feet / riinute
2. and 1Ucal ietal R eioval Pite ( cubic inches / minute

C Find metal renoval rate index for MAXinux MM.

C
C

AX1@flP. = O.
M= I
NIAX( M ) = 0

C
D 670 K = 1,IGEPER

IF( TOtDVyI'.MF. 1 '1104
'I I FE ( t< ) = 'TUX)LIFIE

E
IF( Tomiyr.Ffp.2 ) 'MFNT

"itOLIFE( K ) = ( ( .--rr * P1 * Pf' )j
.12 * mFD( 1(FEDT)() )*

& ~~~~10.** TDI(,.S2FI)J.~IhE(,)))
•**( 1. /( I. - TI.-- ',?( ICSrr(i() ,JDEt'nI,IgF'ZiT(1c) )))

EISE

I1 ( rROLOP1' . . ) riN
'IV)LIFE( I; ) :

& ( ~~10 * f1,-1-1IN ~~~~ J~'n~c~()!c& ~ ~ ~~( l / ** L \'( ,NE,,I'(I), J't7 f-,hT}'D(1) ) .7

IiF ( TC,.)OPT .i;n. -i ) riiD.."
'fOLTIFE( I( )=

A- - 1.) *-T ri! + 60.* C'E / M jf )
LI SE

101,11IF7( K)
& ~( 1./ 'IL P>,,'( r.SFI, TI) ,Jr _P'i,I,:, D(:.) ,- t.)
& * 'I-I

I1" PI F
El-D I F

E a)2 I r.
LUil IF

IF( 5oLIF:(u).i'. 5 )NIII!( , ) 5.0
IF IL F )UI'.2 )')LII:( K, 25.0

SPE1E)(1!) 10.** TL IrIN( 1uSIE'w(,), JEPIlIi, I'Ef)(K) )/
(TOIXLIFEL(K) '* ". ,. :i'(N) , JDF.I'', l:' 1 )

B19



12. * -SPQ(v) / ( P1 * 10,;

UljT',(v) Fi1) * 1K 1lIEJK/0J

~rULNK) =.000012 SPEMC(") M7V FEDP

CIO AX~INF

0Sor~t Kopors such that the '11.imktn "'MU is indexed 1st
decreiC~ l. to the mini u ill~.

hID 690 (2 VUV

uAJU n vili I JC
[17 6[80 s

wOO IF(J .IX7Y. 1) (EW) 680
IF ('inJ C.T2J1))'

42.1.. T u ,

oxIU 680
T I)1

(..

(OJtI t pu t S7'!'e I It



R(ITE( 1,710
710 FOY'7\ IAT I////,OX, '"4-1E o f t)he I nse rt % t es ted j wo t

'your' SPfIIM' requ i i-xion t s .*
1 II OX, 'If you can ro lax a vcqu1i resrit ,

& ~re-cnter tlic progrmm tit '

& /20N, 'one of the nvl~FfnS l is ted ieo. x ',

/////,25X 'Encr oy ;,ey to continue.' ,//i)
RE~~~l) (1'(Al)

(TYP 1O00
W~IF

720 'AUVT( 1,730 ) !qEr1
7j0 FtYC'AT /////////,1OX, 15,'Insr Foed combinat ions satisfy

'your specifientions. ',

.///,20X, 'They kw.ill be l isted acoording to their I
&//, 20X ' I ,.leta I Per )v a I ates.I,
&//,20X, 'Thie first wil IhIaive the h ighest \11R

//,20>:,' decrons ing to the Dist .I
& ///,15X, 'Enter any key to see the 1st PAGE of [N.130rN. I /

7.40 !FFAD( 1, '(Al)) AhRVI:

TD 760 11 1 + (1. 1 )*-0 ) KELE~T

I aIr F( 71 K* 20 )

RE00 1, ' (Al' ,TM-E'd

760 CMIPhfJE

APAQ. IE
CIJ[O 785

l34 ND I F

Y70 U M:*%1Vl'( /1>,'Elnt er "I," to R-t urn to Opt ion Menu. En tor nni"
11 'other key to continue.'I

476U HJAD 1,'I (Al)' ) A1IN2JT

lOX, 'I to look l Otpu)Lt of an Individual Insort'
& i10,:, '2 to see AllI inserts in order of ligrhost ~',/

I u'%, '3 t o s te t Iie 1,is t o f so[v't ed i n sept s'I, /!/,
I O:, '4 to see I ist of or ig i nallIy I npu t t d pa r ali o.t(rs'
t/ lO', '5 to see D(2f ii t i (-ns o f t errits u sed in i ne o f

6C flTS on outpit',//,
lUX, '6 to !'CtUrij toOtion 100 kmu' ,///)

IFV~ 17 * o0)'U~i



IF ( 1ltlnfflPI' M . 3 0,31 Ci)f 7 5
IF( 'RX)O' .FT). 4 '11 --'

11'IT( 1, 810 ) i:INISlAII(Q1Ii ,lrM/0uO.
I F ( FEJIVF D1IC). '1' ) '11[IN

v,,UzrF.( 1, 82 )rnuuo

,w icl )r

1-N\Tl 7

Colt) 790

dl 0 i-T)V '2KAT ( 22X, i1l7I'\l XBTI' JXVWI1fL'TI I/ 22X,
---- --- ---- --- ---- --- -- ///, 18V

'Sf-!ZF,%AE FlNIS;! 'FG-O, mnicro- irichtus',,d,

Vl l'flI GCi cxrp 1,i8.3, inch '

820 FrIUATYr( /x ,, 'F1.) ',-0F8 .3,' i n(!h / rev.
030T~T /M A ,8X, 'COT IN I I~ !I Vi': 1 X

IT>11.)EX I NC" T'Iii "1 , F6 1, mi nu tos' //12X,

/ Np, 'ITr ('DnN'RN $r CF6.2rINUE

( 2, I3 I) E >i im:

133 X C(/ , 2 41,'F .1 i fl IT1IONS'

'Notch - - XS, 1'vcd ndtmuijk fo rlimt ion of iiot',-hm t

2' Nose -- 6SerVed( IMoni ng of rake. fhce o01
'powi of inserIt' I/

r.~to - ibscr ved <pdcIfolm;gt ion of or;Itei 011

'tlic insert rake face',!,
ZN, CU-- Tsc rved crntcr a Iongj ctt ir n eo

I'of C! Iii[) L)' kr',/

c.V-'AU r -- S[~ 1). 0 - urc 0t)SCI'Ve(I dur i !w. C! t i J.(,

t~' (If eLttI a
- -~;j~k>v.~rco1,s(evedj ?It Ilt t il n t 0110 '

(21Ii1l~ last .003'' frl u oul r
'N, ' Il~t -- 11tki'riit tejt S pa ri !i~ n liVN '0,7/, .! ve

'v 1 t) t i 0 - V i [',1 Ii ll ImII" ( Itttel' thoi" or vmv \\).nli :Oe

I I rl:r t il I of eulttiliR ' /
1"[ 1 , Iii l[ odve on insert olt ti ng

-- ~ ~ i;.>jVe f 1link ;.erobservo! at

!L I Is (I I tin I L oc i'!
)s 1)P f3 .~t I r.&u ordc~ me I u t i Imw t (1e 'll I t i )

to fc of i nS (' r t ,,

I ~ ~ ~ " fmem'*: 1,~'i.~ I!f~V~ L 1. (!ti~ r (

-II2



I1 if c to . 010', flIank we u I r
3X, 'SI ight -- Hc'hov i wzi 'A'Usor O(C Ou Win a) pproM :.

22N, 'IhTE RjETuv~> :,- crwrv'I\JE',
PIEAD( I ,' (A)I )A
(XJ)U 790

(Myt) 1000

EIZ) I F
M4IF

10AI'E( 1, 845 ) E1E-E
6.45 "Mx~il(i/, lux, 'EMlI' ' 1 any SFfUNPIAL Nuibter (1 to

6c 12, ')fi-an the Ilist of inserts. '//
RFAD( 1,*,ER=840 )'rM'rn)
IF ( 'lmR)14 .1,T. 0 .ANrD. '-IrND J-7C. ITYPER ) T~III

mOOF 840

IF ( ITl'f .01'. 0 NID. IMNX) -IX-. KE.EPER ) r'fv
IF ( 171:1111 .m. '2' )MiyN

V01I7E ( 1, '/)
END I F
' RI'FE( 1, 1 (A"(9) ,17 M As:!P(csiai(MN (rn1D
x.1[m 1,'1 (A79)1 ) Arf'( mmSE( w(1Y)I ,W))
oWrIE( 1,850

IF ( FI)Vl' Jrf. '2' )'FfN

SF I ISI~I( P1' I T 1,1 fc n ( Tm('r nrn) ) ,
wIr(1,8740 ) Im1:1I( nrr' ) /1000.

,.TTE( 1,880 ) .iI)( LTEED .r( VAX('RODf) ) )/10,J
650 YV,1~r7AT( 5X, 'C11ip QukalIi ty = IA50

860 FUM\T( /,20X, )urf. Finish = ',AlO,
ri-ero - inches I

870 TMT 257K, 'T)cpth of bit = I ,F8.3, ' inch
630 iYit'Wi' 2 5X, I'Feod = ' ,F8.3,1' inch /rov.

OJO Fu- AVT 20:K, 'Too) Li fe = ,F8.l,
'lifnutes '

900 J YU'.ArT 20X,'S ,rface Speed= '.F8.0,
Isurface feet / mi iiute

ON( ]Tnwr( 20X, '~.11. 'Rate =',178.19

cu!'ie inches /minute

920 PI-y-\1'11( 25X, If). 0. u'ovkpc 1',F13. 1,' in!ches
I.<-Z IT 1,930 ) I f)-' , ( '.A)

B2 3



wv'UT( 1,940 ) T~"( ",wx( 'IN))
940 rir'WP(A 201X, '1. P. "1. I ', .,

& Irev. /minute'
IN( ffos'P1P.'Y' .riG. ms!D FX4 .'Y' )'

IRTE 1950 ) MSTr( MtkX( qMlJNO ))
95(U RXT( 20X, 'Cost = $' ,F6.2,

per cubic inch')
ELSE

ELSE
W\ITTE( 1,U60

U60U 1;Q, IT( /, 10X, 'cA-tputat ions for usnr spciici
NXpth Of (lit anti Feed

WRTZTE( 1,965 )rmYi100.
965 ~ ~ r'MAT 25", Tf. 0. Clur =',83 inL )

VVT? TE( 1,970 ) MF)/1000.
9 7U0io .v r( 25X,'Fccd = 1,F8.3,' inch /rv'

975 M(AT( 20X, 'l. R. Rate = 1,F8.1,
'cubic inches / minute )

Al, TE( 1,980 1 ffL0r_( Ax~(iu
980fMxAT( 20X,'L. 0. -U t 1 ,178.0,' inelies'

WU'! TE( 1,95
I 85Z AYPT ( /,5X, 'Enter "R?" to Recturn to ()Pt i or n j

3V, 'Enter anly other kcy to cont inrUe.)
mnm 780

~DF

IF, 'iRninir .P,. 2 )r'101
0u 1 F APMTCE. NE. I1'.~ANE~E 'r ) T~I

\vT(1,850

IF ( IT P I. '2' T IMfi'

l1 3 ) E( 1, 86 0
"r sriN1S, I1( IFINISWI K-SERr( 1,WT() )

W!ITI-( 1,870 ) nrl( Jrnymfl )l/Iouu.

li ITT( 1,880 ) F E (!U(M~ I)tJ
A,-- ( 1,890u U 1rl-!3( -"&\( Y

L2 i



,$1'E ,,, z)5 r, [r.,'n (jK 1 ), :
VIE"t

IF ~ ~ ~ rmr (%x~ .n 2 )'I

'\PvI7 j 11
IF ( -Y- F1 17 )1111/--f

1~D F /0u
,Qu1 IT 1 7 5 ) P (

(Pir .1r I

ENTA "A

'C~to~i rJ ,//20X '1 Shape of V-.T rt
(the I.~ in '1 ) ,/,20'K, '2 riflisl -ml

l'C!in prioJrity I ,/,,3UX, '3 Fee"i

/20OX, '4 'Pol Lif e / , tenItI1nof y: 1!,
S20'K, '5 i),pca t o f T?.Os uI t s '

!,17X) I'Ex it ~cr ,,1 ny othfe I key
"FAN( 1, ' (Al )' ) iM)Zv-
1I7( :\A2E.1. ' 2' ) (YY[10 1SO
iF( APAv..uT,. '3' )Mir .120o
I I( iANT,. BY) ' 4' ~ 530
Hl AV2.fX). 's' CI uo 700

5uL~rAJILMJ: P

L V.YA'i 11,* 1')W U."PT
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VARIABLE iT'XlX~

(TOXfI * I VIATF.

CXi itvaL,. i am 'If(55 nin

0 .V CUV-ll Cd2 1 51A , ~UT1 [.iLr

JARI Y P.) l'iC

I P ii I7X !,T F .TV :'
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I~ "T

cdTX J 31 F~vi:

( V).ld3L 217'.A

F I 1AT!I
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C L, V( inI M I PI., ~ ~ I yl~ )
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r'I

rn
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+

I -, -. ,-

r':- Tt r' 7-CL-- -

r 4-

I %I' -T7- A
4

-, - A' fp 4-r

"0 Trr7)
4
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1ln- too, No. ~O' Car o'v r,71 A'In fly m j-

101! too, Tne. rarlIo'ov "r) A" fny 'I -

()'I loter- < ').0 1 IT - t0.o)" f - von-, ).n~nt,-(;it rrr

0 9 Note- < 0. 017" S I Ev-'!, Nofch ir'' I0 lp ViIIratinr
106 too, Nom. (".evelprr' "I"I Al r)- -,71,r i

0 7NteP- 4(r.r).?" q~ NotCV', r).r"'" - Ipr'g -. '0 - -'t N !o 7
107 tool No. r"eve Inr n(4 -~ A' flx 'Th p )11'? -

07 Noite- All. Por' -r Noc'e Wenir, 0).0''" -

I0p too! NO. CarmePt _ 7r r- A' Il v 7!

1 Oy) too' Ikl. IZ;0?'1 rwvi' 0' V A'. Th' "NC l i
o0n oe All' Fee4 n - rraterlnF, 00' oc
1e0 too' No0. -,rth, ))-)7f~l~4.fy ~
10 No"Ite- r). 01~"m f otc g.0'-oc pr"n,.
' too. No. VTalente- 70l - V' fly -T' )I'D,) - fp

I!&,- &.';npNtco, 0.02"0" p) Flgt V"'-rptinr p ~i-n
1? to(' No. Vpler'+p- Irr' - A' ()x "NT '4'2
SNote- <(). r) 17 C' t otno ce, lO~t r'rptr

1~too, No. Va'.enite- 1Y - A' fly 7!1r "I'Y

1~Note- 0).0'nl !7 iMgft NotcI-, r0.nl,," - h I' t 0pln ng
1 1! too' TMo. !!ewcoonr-'IA1 A' nv ''

'I Note- Xl02 .lfy,0
99 IT C. i MWi otchrr, )171"- 1;,t oo

1 (7 too'. "No. vpnnarmetn' ')r- full' 711'r-
1~Note- A'. 11~i F4 P~ t 11oft& ir E

Ir ote- r.'" .020)"- 71t r) 1Ir,0O
7 -11. t '!Ote0-,().fl~r"-r'r'F (,r g

17 too"' To. Oec -)'- uf 5  
-)

17 Noter- I<0.0'r)- I (lrpter i, r. 01?-!7otol nC00 7ioe re .0 17 $'~ rot
1, too' No. Seo 'P " LIti NI )') n-3

10 o- 00~" rrater~rg.n0.l?'.. "osp Not ro~ro" 4-I~ r'rrr'
j1() too'. No. fl1evelint r(k4" -W Mt -"JThv Ill

I'r Note- ,7Cl1" lttg Notclh
-v to' ITO. cq, I ac~~ C. -i(4 vu~ 1 '~ ) 7 1

121 oo 1 No. 0 <1l !Sr
4vil' - - mu 1 LV't 417 71

' M ote- All~ce1 - CraterlnC, OI.r01"'

I!C too ro. 7 , VPI/Wesson rq0 - m,.'+-4 II

1!Note- > .079- lgt(rater; rf
'' too. No. ITP/ -,ror A'0 - ~t ~~l

I ote- > 0.Or'-S.i1 ~c

C17 Firn ) nrrj rh~ 0u1;'jCien irf irc'2rp 4(r ,v tl'o irtoro- on-IrYspon,"irr ,
C7 C3 catpigor'oPr enter&, n~"'ovc. heP-no - r - ow, ,v f~' bpr~:FTrTEFr ar(4 rr'-

~2' (usrs~r t~r ool' 1 fe, speer' eop~r eo odate, for each e

r,1 A'. o f th cvc ''uen Wf I'pel on ea~~rv of r'&.*a ertered nrl~'
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!~In T717AT fronr~ Y' WYIT F' r'uoi~'''~

CJ47 ~ ee&

C)iO0 Foe r over' t1-e r-'irie r" cr nnt'~ 1 Inp

e n

EFPlP r " over t~rpnfp n-' rp".r' !rpu' P~rer comrent "re

~ ip a 1e or rut 4r omeor. ' "oeeac& T (P p t t
C V !eyt TIISEp-

(~ PIp etc

C ' Prer a zero f no rlal wan e- cr~p~tua '!-' arM ~n.
Per ir entr,"7 a'-~r omner. 1 4re ,

Cf-') Put Cfltrys ir 7 pn! '-r n & sppoen epnh ar ~w '-Om.~~ ~2

T , 1 T~~R T ?' IT 'F Y TV rT 7~ . P ~ '

(~7 -C7

II r

1- Y1 117



1vi n r 90 11 1

skip 1 7rt

1 07 1 r,

10 1 -' 1 2 *09f Or2r

1 f- -) r ) C

1 ?) ?.'T

119 1 1 7(110'

11Or: 1)- 17 9 Q

111~~~1 129' *9 1

117 ~ 191 9 fff

117 1 1 9
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Cl (1DA"A ( dp te fiP (- f or suhrout, re C11A~ roo' ',I el 1v 0r0r-r

cc; he num'er of comment 1'inecs anrl t1-&r Pncemerl- are Irixed )wp"~'
cf) STY". "oweve-, th-e cortpn* mnv h-e P'l-cre& ~ or ~itid.

C7
M P~y* t0-c nunher o' Oata entr;s ;n t-'e or(4er spc~rip&

C9 bel mi. These nui't-rF" "IS~' ccrre!sponel to the ninnN"', o",
cl10 entries f'or ea&~ catecnry ir t"i- Oafa filp.

Cjl? TP~jv P 0X. futs us er in fteF'. 1-o ol-'tair dap 'a,'e comment I ('Ih

CI Finter NP- numhers in th-ouspn(4t - of' an irn.1 'ro-n tl(o
C") smallest IN7RAF'T 0(' to thep 'argent.

60
C15 T!PT!F i7T~s r used in t-ests to otan datet ' aft- cnrrert 1'rnC'
Cl6 Fnter NFEE:T numters ir thusnH~ f ar inch '-or,~

C'smp'lest Tt!"A.STN11C to the re.
17r

r' 0  T 'T" FITSPes ( o1 t1 ined from test Optp ifl-p comr"pr' 14pr"
,' Enter , MFN~- nunh-ers ir mcro-inchs P~- f-r, ~e

C' ( smallest TMCPFWSR~hC to t.".e largenst.
A 00 1?r IR -rf 1r

I2 Enter SUTFAT PTNTSF-, correspon 'rr to N'S i n~9ern, 1-ow 'v'o'
r-) wou'd e~k tI e io ve tu 'tt t ne program.
C2l Plpne each ST'5H.1 on n sepprpte 12ine, stprgir v-th th~e sr,'1esF.

P??I to the I argest P '. Each 'ETN' ir nllr' Ion'0caoo
(*T: tartirp in C'oliirn 11.

+

2 T'T'cp %a'in v T) "PT rr on F7 pp Rtr ')P!7 1p to c"sa~vc
720 F.-t (r ~I TP 7 1 -s 4e sc'- 1,1ng c",irci*P rro oi s usf- i r 42t~ co I I e
C-)r Fr~ler the 97" f i rt, the !-0 7 I l'. Pep,'~o commert 'npr

I good al mal cl-ips, no or'sI

in?-poor, hr4 co , lonp ou r's I oF
IN- JPIF TT,>"'TT!' for eprch insprt or Fptnrafe lirpes up to 71) Fpiorr, v-r-

C3? fol 'cved t-v N(IT on test - Nhse r va I- ons9 or i ne up to 0 s os ~
C?? Begir np.ut of TN!7RP T TF Tr' Inpr -fter this' coment 'ine 7").

201 tool No. rno~r r, W - A' rx SN 0  r'
01 No (t e- < r).117" M Notc&hir 0.q0"1 - S' hNtching

?)Y) tool NG. 7) 1! ar"oovcy~ A' I r Nv tl" -

I~ Note- 1).O~ -) 1 &t Nose N!otch 0*0"" 7 'arl' 4ng
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?(' too' No. r~0'11111 r'evelir CrP' - A' nx :.111r ),,
0~Not e- A"' voos - Cer .01?", - N!osp Weir, n.1)1"" - oer.

?014 too,' To. Carmet - 70" - A'ny . Tl M$7' I I

n0l Ioo U' oeed - 0 ?t or I IE, r). r I'It' Nnse (,'-o r, n.0', n 'j" ~ r
200c torl No ~ t ter' np0i r A I () -7tC )1)7

t~ ot- A~ ed 'g 4  oo
206 tnol No. gOr) %W'or; e VIT - A' 1x 0, ~ 1
or N'ote- 0. r)1 " I,-Ct Nor c,),i r~, 0.01~' S--7t oc,0f~" '.C

20-7 too' rNo. C~fl711!O r)rn~~ NT0 Mik't J!'~ I
07 Not e- 0 . 1"" -, 1t N7otc. , r) 17 ' I 'T, Nt~in, .0

22 too' wNo. 4,'~ U.c I ' ut S''~~

2f~ too' No. S)eco I.- IP- t; 511 )1') _ 1
09 Nte .ni'- Slight n~' rrter~rg, 0.01 ~ Fv 4-~ "o tc r F

? ~~too! No. 0 eveoand rON - kAiltl SN I r 1,1
~0 Note- A'l reeds - Slitf. N1c+chng
211 too'~ No. 70'rO Sandvil r,5~~~1~

11 Note- 0 n 1" 0.02" S'r)% ) Cht (otc& , r). n'~ 17 q'igt NotcrF
71-) too! No. '/Wesnon ra - ' l+i MWO 1111

12 Note- < 0).01"711 g~ Notch, 0.0" n - arn

(n INTPT1 )el c TNTS1F, ("UTTP r(r,1T1Tr PndI ,),.rp da~p 'rorm, each4 test. rn
rC 7 FinF Pnd chip i1te re indieated h-v t'-e 4 rtep-pr correrpon ( ;rf- 1

cnt~Pjor~es erteree above. 71h0 5 0 Pro 'olod v t -P 0OWT T(-Tr'" nr4nrl.

~unee i n th)e too'-ifespee qioo rm 'tpo e tep-.

ATJ, o)f th-e -11-oVe :11ue w' ppe.Ar or l~" ire n' d e!t onereed nr 1

r.:"~AD rom POLES tnicui~red4 -:7 ''os

'-~ or eaoh -

Feed 1

r,10

'-Jm epc' r over th e rangp -f %ods inpuf fter 1 re -Inv

t'ee4

Peed r
r~r r-

T10- over t "o -Prpoo F entc ripi ' ~ftr ooorrY r 0'

rrr For, 1e

r50
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C~1 S'cp etc,

C6 6 Fnt-er P 7cro *f no ~ wad' t~ilr D'>r sni parreur n.~

('"67 Perrin eri rvs -'ter corwmen*. 'r-,

' 0 Put ertry5 ir 7 positiors rr'~~'aces epoh ar !'-'owr from
1 2 7

C71 INSEr TVr11 VVrPFTNT"'T (TTp Cr- POWF
C7? "I I EY TNrnY Try T "ITrY TWrrTy F T1r-r r r 'V r

(7 3
Thi line following comm~ent line T7 Is t'-e V? line hefc're fit-S4 TJ'72!' r01

201 1 2 -)f12)2

0.omm er t - All rata ~n tv'ij f i I was talen st (117 eeptj- of' clt.

slp

20?) 17 r) *1 11r

sip

sVkip

P162 P2 '77I

20)7 1n~1 2f07-)

p

skip

210 -1



~1' i p-~ -O. -7 A

sk-ip r 1- -*.ir)



pn+ia aC, 7 ' ..0 r

ClDTA3OA"'A( Oata file 7 for suW'routinc, C _DTARl1NP _0f called 1*'y pro[r,rr.
C2
C1
C)107 :~T Cao!ent lines in the (ata file are idlentif'ied at. eft.

C5 "'Ire number of comment lines. and the'r rlpcement are fixed h, -7p
06 S07'7. H'oever, tl'e content, may be a' teredl or or. ted.

C7
C8 I"PUT t 1re numher olf Oats en~ries in th e o'd'- specifier!

m9 below. Th-ese number-- "M~T correspond4 to the rumtpr or
CIO entries for earh category in t1-is data f~e

17
C 17 Tt(1 D.0.Cuts (' use(' in. tests "o ohta r4a*+i ' arter o omrlpt linc r111
C11) Enter %1TT'T) numb-ers in thousandtl-. of an inch from t hc
cl'4 smalest TNC(7.PSTNC to th-e largenf.

C' TT INUr F"7Ts ( us:,ed in tests to obtpin r~i"P &tr corvin jrC1

C1; Enter NEIF5' numbe rs in thourandlt- of an inch 'rmn 1e
r17 smallest INCrF1TNC0 to the lircest.

rio MNPUT PTNISPps (ohtained "rom tes t data a fter enrn-ert line r''0
c',' Enter MFINT2Jr numbers in ricrn-inchn, Pl f ror t~
riO srallest, INCP1ENYlC "c 11he largest.

C' Enter STAM FI;TSF, crrespord4ir tn NETNITS1- rurl rs, 1-ow voii
Cr" woul'" 7 1-e them to be ou4 putt.;v in the program.
r?)i P lace each !7T'T.SF on a sererp te i ro, start ing w ith e sma'' 1est

TF to the 1prgezt. R1!. Fa cv EPE sa'id' hrces
(I 7C tartinr ir ('.oirrn

C"0  INPU chip r'lalitv TPTCP'f'11, or separitp 'Then up 1r, 1-1 space5 wiz r
C7?O Enter NC"-TP'S lines d escrilThg chip catagorien used4 in da-ta co' ect~nr.
(70 Fnter the P77? firsl, the WOrPT 'as*. Pegir artos corrent lire O')P.

1-good, all m,,11 olipn, n cur'!!
far," smml ')nr s0-o!"t cur'sz

'2-poor, bird cag'-, 1 or F cu r 1s, etc.
C?' INRP17 TT'777WTE, for each ir'-!-+- on nepr-atp 1 ner unp to (r) spaces, W~re,

C'? followed tv Mrl775 on test observationr on a 1 1rp uip to qn .;racos , '

Cl? Begin input of Tn7F" TT7TF 'iner, after tbir onrrert line ('11.
301 too' No. 907 11 -PW 01P A' 0Y (""r, 1

01 Note- 1.011" - Nlotc', Or) 1' -7 i I " t Nthng.
7? too' No. Crholnv - - A' 1y 0-1 r r 11 - lc

02 Note- < 0.0'"" - Eparl'Tr, OW - '71 iTvt f'rateri .rr

B39



?' tool No. r)11 Clevelrr. - -' A vy ('"WT~~
0', Note- < 0.01'" - .C 4& '.Notch, rO.0'0", -~~e

30L! too' NTo. rlevelr(r - 'P' A' (Ov CIY
01 Vote- 0. "-Not0o i rg ose I~f- 0. T"7-'l r 4 a- .0O~1

305 too' No. rarmet. -rnr _ Al Ox r "r 14??7
05 No(,te- 0.()17" 1 7Uht Spnrlv'

306 too' No. 50"') .Thn(vik - A AI Ox f7MC N4
06 Note- 01.01?"' - Crater, r).0r) 17 Nochng 0).r0'0 - rraterrf

307 too' No. '77W, F "rtY I- ter'~n r'(hi A I Ox. CpNC !J'
()7 Note- 0.01?" - Noso N'otolh, 0.11"" Slight Notchinr

'009 too' 17o. VTalenite - VOS - A? fl Y '
09 Nocte- I001?" - 33gH- Notcs,007 lg~Tatn
' tool No. Mewcomer - NAI? A' Oy fl'r )!O

on Note- < 0.01"" - llt otch, 0.0)171' ..oie Wear
r)0 too, No. r,0000 Kernamet,-' - I~r- - u'tl (7!!-11

I r) Note- 0.012" - Slig~t N'ore Notch, 0).)171" - crhtTar -nf
11 too, No. 7eco - M-Wt; )1')I~
1~Note- S I Fl- 't M Notch

100 tooN. Sc - 7P11-1- Mult I '~ t -

jn Note- r).0171 (-., Craterirg X 71 ?gt tI ?oi &-
''" oo? NO. Cleveland - - Mu' t i
1'Note- Al Feers - Crateprr

'' too' No1. Clevelandi C- 'uti I!~ T,
1'j Note- ( 0.017' - 1?it Noc,000 r rater

" ~too? No. 07)'" ')Fndv,' - -Mul ?MOi
I~ N:tote- 0.- -SgtNtch, MY0)fl" - ~'h ra 1er-

'( too" No. Fancdvil' -ut -- ~r r'i '' _

r, Note- 0).0"'") FlSifght rratprinfr, 0).0?nO" - Craterirr
-)7 tool No. r07)11 VD/Wensor - - Mlt ,-
17 Ote. ".01' p4- C'gt I pp-rI-* np

C TIP!-- I--~ NS, I m mP, CrFFFTC'TFP, arn W' dae Cro~ec tet 'r
T- ,* T'rl-rY and chip Oua'iie are indnpct& 'v tvo 4rterer corrprnr og*

r~0t'rer e rtcr,-' at-o'!e. 'There -.re "o? ?orweC -v rrr PT TT a nr'0 "
un 1) f r to 4 on' - 'f, sp r e q i i r f ror t 1- c da 41 f or epr- ro

c.1,' va liip ! w l 1~' r(-Iur ( r,' r'c 'ow -a p r-O I

(.,,4 n' fe(e;nil rftr l p r1
C)7 0 T

C1

B4 0



C5 Feed r

(9TTP"'T! m ( over thep rpngp n"' dentK 1 rpu' ' (' - rrenf.r
C57 Fee&

M59 Skip a 1 ne or put *n P correr !Inp '- o-' rp Tac TISFP Ota Sr-.
MO Next TNSFRT

C62 Feedn
C6? et n.

11I S~'ip etc

7~Fnter a zero 'If no reata waF ta7t'en "or a pfirt ioulr 7FP-1 ar4 rrT.
C 7 egir entrys after commert lin~e I
Cf, Put entrys ir 7 poslt~ors of '0 lm;oez r- *s-ovr fr(m 1(

-~f n, 7

(7' IMSE7' EFP,"V F'F771 F'TSU f TT, rfr- pm)r'P
7? ITY Tt'TY T N TY., 7 Y T~Y V T 17 r ,- V ' -T

14ir2ne "ollcwinr o-omrret. line (7 Is t 'e irfl'e N, Pore "rrt T W r 7l r) I*

3701 1 --)n O~7

comnt - Al) OP. ta ir. this, file wifs tnL-en at ()T7 rep', of ouit.

30?17 ' Q

1707 r~ 70~ '

307 1 "11'7'0

7

1(71 '7 r) I, o

st 7 i91j1

B,?'1(C



1s~p

skip

7 7 -). r
" 
1n

'3 1 "- ! ,1 - ,\ 19" "

3CW7 1 -)" I '.0O ."22

sk'ip

31r) 17 1 j

I 1

'2r., 0 71,

I '2 1 ' 'T• ), -) i lt,

Sl. i 1

'171 1 2

' 1 1 t, I <?. rP2B42

'21C '2 ~ ~ ~ )1'B2 "



C1  !AI~rTA-A' ena~ l'ile for ruhroujire 1)PT1AW'(IND Ir cal'&( -v prnpran "'Y
C2

Ch TM7 : CL-rre,,t !i'ner ir the data fi'e arre irte at re left.
C5 'Te nui.*er 0" comrt "5nes arr' th1e'ir p'acercn'- are fixed hy prcr-a"'
(76 SO0vr. Fowever, th)e corten. mnv he P.1teree or onm"vted.

C7
0 IMU7~ the numbher of data entr,'es in 0he ordrr specifier'
C9 below. These nurihers "rITS"' correspond to t'-' rumb-er nf

C10 entries for each cp-egory in fthin data fil'e.
C,' EPMS Nr"FIM T!1 T ~ TNTS!-T ") TYTP S

!l ?17~ D.0.Cutr used4 in tests ro Ohtpin flata '~after comren' I're '

F1 nter MN.PTI- ntuhers in thousandt -- of an inch, Pro. t~le
C"P smallest TW7FASTNC to th e largest.

(71 TINP L71 FEE Ds f used ir tests to ohtain dlatp alter comrent line
C'r Enter N71FFM niu~erF in thousandths of an inch fror. thep
C17 smallest TNIr7FS7C to the 7argest.

SINPL" FITSHes (obtained fror. tes' 'iata 'after cocrt ',,re
C' nter 77 TNIS-F numhers in micro-inchs P~f 'rom thep

Cm-r smallest, TNCTEP-71II to th e 1Lrft.

I? 7nter SUTJV'rm FTINTSP1, corresprnednhp to WTIF nrlm-'rs, ovvon
CM' woule like themr to, he oiitputterd 4n the program.
C:11 Place ea&h EFTNTFH on a seperate I imo, 3tprt inra w; t'- th-e ;mp 1'est
C?"I Pt$S to t"e largest PS. Each S771"'.1 in allowe(4 10I -Iaraote- 7,

C t-rting ii Cour-n .

+

mO ?P &chp )paIjty rr~T T Tc" rr seprirate lines up to I~O spaoes , A

7") Enter 'T'TP? '1 ner deci~ hncatppories ivsed( in data col'eeti "-.
F-I Eter the ?7:<' fir '., the WC);r 'a. epIn Prte- commor '~n 1,

I - good, a' cralI c4hips, n o cur' s,
2- fal r, 70)' small chips, 30' short. cur's
3- poo,-, rid cage , long curlsf, -t(-.

C31 INP~fl ImTTE1:r, for each insert on. separate l 1nes up to 0, spCe. vd4 ,
M32 focllo wed hv) "77,") or tent, ohscrvaV inr on a ' nr Up t , snar' v

C3Begin Input o" TN~rT~ ITTT7 lines after this conrnt line ("1.
401 tool iNo. r arN'o\' - Al 0' T,"Ir 'l -

01 Nt- COO 1 Nctch, ".'"5' otchlng, CC0-l rtnr
10? too' 1,) rarmet - 'V -A' 0~v PNPl M I' - F
1) ,'ofe- %"). -) 1 ~ h Not), " Notc'n ir 1I



1)' t 00 No0. I rt' ter'n rr I!I A ' Oy , A
0? Note- 1.." - Nose Not&,OO~"- p<

bLo too' No. Nev '-nrr NA?' - A' I n r)IM- 2i

f Note- n.017-_71 Noto&P /)~' A ~r rY4!otclh Xr 7 Ther.
D5 too' Nc. C)1''2 Vmr7t~ - )1-A]Ox T" ' p

05~ Ntp- 0 r)''" n+rao P 'o .O(f' Ntch Spa r ,r
L106 too' NoIc. co-- F it '

Ll 07 to' No.

i9 to' Ic. I, rI~-~u~t ~~

I) r) tcol Mc. VP/Wesson i -'# Y!% T7~

~1 Nole- l_~ - None -1p 0ot,1&'

eT IP~ ~cv . 11__. ,-. , r'TFT!fl, are! ?0V!-7 data Pror eao,- tert- -'un.
lr~rlh anec4 &Kp O _al'tips are rocec-v t'le irteger -orse~r .r

ns~~ to c .sp ed e a ) 4 or r fr, 4 e 4 pt~ P_ r ea c

a: L c To ve v; II e r I, P rnri! on en ck r~e o" ra Ent or& - '
Ci1~ A~> r' ,Cy vF L n.ru clii-c' a- fr''c -

rrT'

rllr!7c

mc ~ e r vr"'--

~-r~ r

0e.", r

7 ~ ~ r P' rc 2 7~ Ter, T -P. In (. FlT-.

r, v r -r,-7r
.O C ~ ~ ~ ~ ~ ~ ~ -r fro .2omrf;)c'~ooe~c~TNN~

mt~r



r7 e) A7 Po 0 0 1 r9 7Por)l14r7 I)2 r I Ii ' 291 C~7()nl It'rr ) I

C7~ 1NF INSE7 TTI FT) TM T TI rF r~ - vo()!F

This line fo' Iri ne comment 1ire C" is the SKTP >ne !hPrr first 7Tr- 'i'

40 1- r)-

commnent - A 1 data 'in thi 4s file was trivn iV M7. c'~ n"~ut..

sk i p

1or r 1 ' '7

~O'T 2 t -)n2~

9 Pt po~1~! 9

11 1 t 2

It r)7 )r~nr

s~in in

9r 1

It0 n Pt1n1 f



Cl i'0AA~daa 'ih -or su!hrottner NJINP oa-2 ' I " P4Ilrr )Fr'i .m

C~3'he nunmer o~' cc'rrrer4  -r.es ard 't e4 r rlnr :ire fiXed V prr-n

Th P1117 the rxnmer cf rdata er-er ir t ' c oreer !!peoir4P!&
CO be!ow. "'1'ese rumb-ers klST co-rPSpondl to tl-e rnrhe-' n"

010 Pntrlon for PaOh cantegorv in r 4,PtP l'le.

C' l TP~r T). 0, iui+s (isped in. e!sts tr tain daPta lr e~~~~'
-inFter NTP"'F nunml-,ss in t Inusr,4 +, of Pr ;ro'- frcr t-m

g> ri'1 lert 7 77rAS) T" tr e 1-cf

C' TNPt"F~~ used In tesfts 7 otta~n data aPr o~o in
f'l~ r , ter N7FFTF, nurlhers In tl'ounand4ths! r,, Pr ;ro, l'-or ",e
r,7 1-oes ~TPW the nrges'.

r T1P7 FTN:T'He. ' o-tained f'rr. +-(--,4 rt;ta- Pffes or n" 'r~'

ri T- ter NFTISM, nur ,her in, mio-(o-;ncha Pk f rr '
1.0 era est- T 1,1707VTNC to tr e I ar Pr (,

7 rtcr STTPAT 7'TV~TSlP. orso',' ' T>'rx~es e -

O"2 wcul,4 Il'1' tl'en tn heP outpul,-te' 4 r ~epr'ograr.
"O Pace eac4' 17nTMTSP1 or a seperitte 1 ne, rtart.rg i,,tl- i-Ve mrna's*

C> Pf~tn the lasgesr F~i- 7,!C> is ''r 'e)

r+

Tr I 'r T rtC

U,~ l ..vr Ia; n~'~~'~ n ser)narito I ies up ton 00 soceF wi'
v''~ ! a~~Vn f; r 1- s. elj i. r 1 -1 , -!t of~r O'~A~ ' car r Pr+e'P "=or+(0 c'

- ~0 cA, 71 r"p'' r

-~ ~ ~ n or~r' tr5 up-'n rr~a

Cn ro f- r' oCI' Io- oh'er"-' o-r! or -ir, lip tcon~sacs~
Pe 1r npiu e-l TlTPTTT Tr i !77 ro 1 ro"' a tor cn4

' ~~r~p Tne C

0~~~~~~~~~ 0T 'o--,C*0"-2rh Notch



50 to& 11o. Va'enite A'~fr (> y f
V Not(- 1711 - Ilg I PWj

50)j tool No. ('reenleaf - '( y~ (
01! Note- 1).0" 't CET !ef, flJ"17"1lt 917 P-''atc,00?"V"

505 too' No. 507,,7 Kennametal - (
05) Note- ().01711 - Efgt ('ratering, O2Y) '"' - Irater rg,

50 too& 17c) farli0Vi M- - W N~(
0F Note- 0.01?"1 .~-'tNth00'"-$' P-!~~

50" t-oo' 11o. 507r, V0/Wesso - -j

07 Nn'-te- 0).01711 1,.~~0 - .rr Vilratior

..T17W helow rTNTSP, ('HTp, rrFrTF:T anc' PoVF1 IaOm "r e p&~n~rr

C-)'7 Fin,* ' arid chip Nil ities ire 1ndcitp4 by% th, irteqer (,cresponr~i-p ' +
Ch catagories entered ab)ove. These are foflowe(I - t ,P rnPT IT~r"~ DI,'

used in the tonl-lif, speel eqin ' frr-r the 'P~ fn~r Pan-~ tp.nl

(111 A!LT, of the above vah'er v4" appear nn ea&h I-e .1r d,,+, Pr-- Prr'

PFv ~A T)1,ront ry') I- r st u c u r e- a s o'v-

('W c, .o' Ta~ "

Fee&

Fee

cwer4 ther rane ro"-Po fepths inu itr coerv'me -'

rr - Fee 1

CT. P~i a min ( or ~t rnangoen 'et~ inpile Pfe oSerl line' SC"

Feec45"
Atc.

F% nter a ?err "' rcn data w,-! tak/en 4por a p,-rtru~nr T~ "'PI nr, rT'T
C )7 Seg~n ertrvs iftrr conve-t '~r- r7-1
CO6 P ut en-v-r p t' pc or s o f 1 !spncer e-0 -) pr -0ovr

1 ' I5

'7 0

('7? TNrflY TT ' TN. I V Twjfry r I ry F T r77 F r (IM I
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Th-F 1 i rr 1 ~ ~ re- oorrner~i~* ~ 2'TT) h~n~ P f T~'~~

-if' r

coirrent - Alla?~~ ~ :~ "' irT Ae~lh o cut.

507

I I I I n-'
7

r~h

- ~ )n

C)



Cl RTr~AA data file r. for subrovitino -TAW(L7 called 1-y program'
C?

014 NOTE :Comment line- in t ,e data file ,re identified it tle left.
05 ~The number of coment lines and' their p'Pcempnt are fixed by P-r-'
06 SOBT. However, th.e content may be altered or cxmn~ted.

C8 TNPUT the number of data entries In the order spec'fied
M below. These rumbers "IS' cnirrespornI to the number of entries

(''0 fo~r ea&h category In t!h!s data file.
("S r VIS NTE'E.P rs PF 7ISM~ N1rP5l

7 ~ 1 1
Cl?) TNPT" D.O.Cuts ( used in tests to obtain datp ) P'ter commrent lire
("31 Enter NEFPT-~ numbers in thousandths of an IncO' from the
C14 smallest 1MMATPM, to the largest.

;)no
('~T!PIF" FEEDs ( used in tests to oitain data )af~ter comment line O1'7

C I A Enter WFEEM numbers in thousandth)s of an inch from the
C 17 smallest T rWAS1Nr, to thep largest.

20
ClP TTrr F'TNTSIes ( obtained from t cnt rlata ' after comm~ent line (7?(
('10 Enter NEI'NISUS numbers in mfc'ro-1ncs Pfl f rom t he
C720 smalest INCF-ASIN(' to the largest.

190 250 0 ?75 1;0( 600
1' Enter SUM'ACE FTNTSH, correspon~irg to NEPTNITSU numb-ers, how you

r,-22 would like them to hp outputted in thfe program~.
0213 Place each SFTIS11 on a seperate l ine, starting It--e small'et fl
C'211 to the largest R1,S. Each :7E-1,7IT Ir Pllowed 10 character.-,,
C,'25 starting In Column 1

('26 12
C'17 r,7B90)123815(7800123)15( ;7p00

12+

:50 +O

900
900 +

('2P P.PJT chip Ouality DMrTP-lt'( on separate 4ines up to, rn snares w,' e.
('0Enter MM-TPS 1 inen describi ng (,hip catagories v-,ed ir data* col lect" -r.

('O70 nter the P M. first, th-e WOT;7 Iast. Berin a&ter commen' I ine r~n
I - good, all will' chipr, no curls
2 - fair, "10 small1 chips, "100 short ourls
3 - poor, -ird cage, l ong curls, etc.

(771 INP1T IrET"TFEMR for eani' Insert on separate in uip tn FO spaqces: V"(e,
C32 followzed ,v N(YTS or test observations on a 1 ne up to 80 spaces v; de.
C33 Begin inr-t. of T!]')F TrFN7717 lines aifter tbil- conment line (711.

101 too, NO0. rarboloy 170 -Al Nx 17NYM rY - 85 (1'1in: '
0 Not(-- All Feed's - Screeching, 0.V' Ioe .0 - Spar'-i-F

IT, too1 No. "BW Frel n Al Ox TrC sN? - F (1114j: 'h
n02 N te- -*Q7 - Slgt Spnr('irg

B49



1r~ -001 INO !0,~ m - Al ()y 7wr( 5W) ti~10 I WC
0') Note- r).()'" - Nose UeIar, A" Irs! - I;Ftt !:rnn-t/rr

lOhj tool No. Valeni.le VT0" A' Oy 7A CW W' (1i'r' 1 ':-

O Not E- A' Feed s - 'rreechlng qo 5a"n, l1'- oe t~ef.

05 Note- Al' Feeds -Spp.V.np c ~n
106r too, No. 5Q W rv~ T TM rX' 11- 71 (hnin 1W

OF Note- All reels - nose 14ea
107 too0' N C. W n i'' - 'tI :NIr ' (,ii.
C)Y Note- ').7 NM 7oai" > 7-'' rreech ng !7r

17)(P, l el~ FTNTSPC., C) ('(IV TEF' -rr OPdta rmec

C7 Fr,-h -nd ch ip Oual 1t eF are roatee ",v tle i ntep-er -orresporei rg tn
C5 catagorles entpred ahove. These are folloed Iy t e rO'FFTCT"r' art, PCIT.rp

us( ~r4 n the too--I~fe, 11, cutc fn ~e dntp f'or- eac, tes-.

_-IAL of the P-,ove valucs vr 1 appea- -)n each line o', P ente'-Pda~~
CII1 11 PA D f -or . !,xTf F, Lstrutir e c "7C. Ow~ S

FoI Pr each NS77"

Feed I

Peed 11 ove t0e rec r~ 'e~ nu fe-~en'~

(t-. 7 pP-

(T7

7f -Fnpc a o 7- r cu r aro' eo'r P, - Td ir(4 ',7T

('f)7 Pegnr ent ryr pfcr' rorert r (-
q~ PuLt p t_ _,,! 7r i prtr nr2rc c'-' 'or"Om r'r(' +7

(-71 TNOPP" TEP'T ,,T'' r) r, Tk' "'T 1p- y;- 1M
("'TT TF N' NTY T 17'Y T T 'T 'r" F XP(E

fr*7

B 01



This line following comment line C71 is the SKTP line hefore first PT'Frr 10
101 1 1 ). Q i li, .1p
101 1 2 '.R22' .10
101 1 )4 2 2 '.

skip
102 ".0
102 1 2 1 2.)IP/ .24

102 1 1 .70 1
skip

! 1 !1, 9.Q0!* .10

10 1 1 , ?. <4O? .
11 19 0-

1o P o ll I

1014 1 1 " 2.A7° .0

1Oh~~r r! OF . ~ q

s'p

skip

051 1 2 2.o7'.0
r)5 I P- or, . .l

105 5) 9 "' 3

06 4 1 2.7 70
1 1 9. 2A5o.

106 o 1 . S.

skip
Sr 1 ! 9.781 .lh

107 1 . !

107 1 I I I I I ,
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Cl ECCUTA' data filp 4 for sul-rcul'ne cCA al'pd l-o' prograr0P
(1?

QJh NCT, : '~oment lines 4-- -e data fl are irdertfi' a* *he lef't.
T5 he run hen of -- m-rt liner arc' plpso'cpmn.t ire fixed 1w pro'-an

cr, S IP. However, thec otf-l !r".: 1-, a'terpd -r cmtedl.

CS RTP1 the num~br o' data ertr-4P in the order specfir-
CC e'm?. There n"-eS klur'" (ceor -,rird tc '-he r'f

C10 enriefs f'er C)nh :~~ f thl ?
j T T T W1 7Tf r

C7-. TIPU I ).O.us("- in testsr I-r -)btain ea,- P~ter corrrnenl ' re ('14
C1I, Enter NTEP"- nrtrns- in oup~~sol an n& from h

C' nllest T!!CBEAP3TNOr oc t-he lprrrt.

r-Ir TlIPTT' FEE~s ' us-' in tests to (-b tain datp Pfter commpn!t 7r~

r E nter NIFEES r.uni-crr ir rcusnt f ;,r n&. from '-he
C, - small~est N7AS7MG In thie larres7.

20 7
C' 0  7 FP T ETN F (e obt'ained from tes 4a',, ' a fter cor~en4  ~ne (21"

ClO En Fter W, INTS nvrnahers in rrilcrn-4net P!v, fron. tI-P
C70 sma 11e st T " 7FA5' TNT ' -o th I- IarvestF

i~7 c~ 7, Pq9

7?' 1 nter 717AIT FT"T9P, rcrres--,onr1,in to,1 l MIT' IF rumn-ers, howv you
wCU' wou 1 liI :e them C, h 0 ot ,,I -te (1. 4 t I-, prognar.
"; Pace ea&h 2'TNTS"K o)rn tnerorc1 'ne, I Q rrn Witb- 11C- ='a'lest

C-1 O'f' to- t4 ho large-st P-. 7' V TU" I-er Ineaooes
IO 7C stnrt, nr I n o;r

-15

r)
o+

029q 7 17~' chip rvK rr$7-TTY' senreI mner up+o0 5.papee wOrn
-)q Prt en 71 T rp- ri r' _ P~r'P use,(r 4 i C'Otcr.

E'~ nt-" thepKT' "n -fr -0- % 'art.) 1PIopin) rtr o'r'n 'inc
- rood, -I, 'r.;I I t nc' r u-'

2- fa Ir, *7nl sma' -!7c, '~ r~

- poor, I''re ore "rF nu"'l
C-) 1NP" I~T'7T2' ' nr~ inw'erl f7 -Pri+, ips, uip to PQ paror wid4e,

22 follower, by "1- n-t nbv',n I' a ~ kic p tC 0) spacesf weel.
(73 9egin input (of T ':PJ '' lt)- ~ cr r oriirort I ne P?

20' toc r". r.0 I~n' I' ") r - I~ fl14 ]in
r)' Note- AY 1 1 7"'n > r,, f'" r 'S

'0 too' Nn. AI A Th4  '" 71 ~'~O
0' N~C



20?, too! No. Seco -PIC - bmjlt; SH i 7 11iO

03 Note- < 0On'" - End SparlVinr, 0.027" - Screech I g
2014 tool No. Widalon KIC, - Sut N?", 6!1 (111hr)~: 'I

014 Note-
C31 4
C3 5
C36 INP1 " lowe~ FTNTSq, CPIP, COEFFICTF?7, and POF, Hata from each te! "r.
C37 F Inish and4 ch in Qua Ii ties are IInd icated b-y the 1 nteger correrpondi rf teI
(713 catagorles entered above. These are fol loee by the rCrFPTCT7 7 an,' 10T"
C3Q uged in the tooi-life, speed equationI from the Oatp for ea&h tpfr4 .

(741 ALL of the above values wl11 appear or) eph lin of data2 enterer, are -,e
C?!?7 PEAT' from 00 'AX~rs structured an. f ol Icvs

CW,~ For each TNSV" -

TP',
C!1 Feed1
CL17 Peed

C!") Feed n over t ,e range ol fees 4rput after 1line C"~~v

Feed

Feed r

EPPm over the ringe of depths irput af'ter cemT-ent line
Cr-- Feed 1

(',r Skip a lire (or put in a comprt, 1i ne thef(e-e eaCh TISEP- data ser.
(Ir I ext 7NSF7
(fl ITrPTP 1
C(r, ) Fer

etr.
'i St'ip etc

0;r, Enter a zero If no data wa-. tak/er fr a particular TFP'H -rl FPFFTh
(-)7 Peg'n entrys arter comment line '7
rl P %t entrvs r 7 posltionF of 10 spaces ea&~ as showr from "Ir to r--

C7C! 7
(7! 1INSE F P EPTP FFEEP FTT711 MTP rflPF - P PW.
C2 INIEX INrry 1NTIX TNrrmY T NT.X 7 1rl ?\T £)P( E7
C73
This line f o'lIowiIng commpnt line 77? i n thr SKTP line before first INSFP' , '

201 1 1 1 -, , 0
201 1 .20

7 1V
201 51 1V, .06

B53



20C- '7 r- y

skip
20111- ~-



Data File: R DIA90DATA

Cl DIAFODATA( data file 7 for subroutine C DIAMON D 30 called by program 7c
C2
C3
CZ NOTE : Comment lines in the data file are identified at the left.

C5 The number of comment lines and their placement are fixed by progra-
C6 SORT. However, the content may be altered or ommted.
C7
C? INPUT the number of data entries in the order specified
CO below. These numbers MUST correspond to the number of

ClO entries for each category in this data f"le.
C11 NSERTS NDEPTHS NE NFINISHS NCH1IPS

7 1 3 - 3

Cl2 TNPUT D.O.futs ( used in tests to obtain data ) after comment line ,

C13 Enter NDEP-HS numbers in thousandths of an inch from the
C'1 smallest INCREASTNC to the largest.

200
£19 INPUT FEEDs ( used in tests to obtain data ) after comment 'ine '17

£10 Enter NFEEDS numbers In thousandths of an inch from the

C 17 smallest INCRFASTNG to the largest.
?c 21 27

Cip INPUT FINISHes ( obtained from test data fter comment line C?
Ci9 Enter NFTNISH-S numbers in micro-inchs PMS from the
C20 smallest INCREASING to the largesi.

130 250 330 375 500 1,00

C?2 Enter SURFACE FINTI1, -orresponding to NFINISHS numbers, how you
£22 would like them to be outputted in the p-ogram.
I 3 Piace each SFINYSH on a seperate line, starting with the smallest

C:,:  RlMS to the largest RMS. Each SFINISH is allowed 10 characters,

C25 starting -n Column 11.
C26 1 2

125+

250
250+

250-500
500

500+
C?8 INPUT chi- Quality DES7RIPTIONS on separate lines up to 0 spaces w de.

C2? Enter NCHiPS lines describing chip catagorles used in data collectior:.
CI0 Enter the BEST first, the WORST last. BeIn after comment line C0.

1 - good, all small chips, no curls

2 - fair, 701 small chips. 301 short cur's
3 - poor, bird cage, long curls, etc.

31 INPUT IDENTIFIERS for each insert on separate lines up to 80 spaces wide,

C32 followed by NOTES on test observations on a line up to 80 spaces wide.
C33 Begin input of INSERT IDENTIFIRP lines after th'F comment line C33.

301 tool Nlo. TRW Al Ox CNC 0,3 - E (4140: 3!
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0Q1 Note- 0.020' Slight n' c
302 too! No. 0O224 TRW ' -A' O CC)I, CF 1 (4111O: '
02 Note- 0.2C" -1 SI Igh t Spar in-7

303 tool tic. Sandvik ', Iul.t C''-1 (4140: -)1,
03 Note- A" Fpel!r - FS4Fht Spar ,inr,

304 tool No. Sandvi )P - ulti -, C:

04 Note- 0.-023" Sli gh t 7a n E-,
2 o0 tool No. Seco 7021 - llultl -40' 1 '~

057 Note- All Feeds - SlIglt Op anking, 0.027" - roSp Wean-I.
301 tool No. Can'O 5r -)7 Mult vN' r (J'O

0' Note- 0.0277" - V!; ration " P 2a r,<ng
707 tool No. Carbaov\ c500 -muiti CN!Ic r!!3 - P tO C
C07 Note- 0.020", - 7par~dnF

C3?,
035

I3 NU- I-eflow FTNISH, -PIP, CCFrFI2TE', and POWER data from~ each test -ur.
C37 Finishi and chIp Qualitler are indicated b~y the integer corresponding to

C0critaworien entered a-,hve. -lips- are fc'2owed by the C0FFFIC 7O.T and POV:!?
C uned Inr the tool- 'ife, spood c-,.7tion from the 2ta fr each test.

C C0
C: Al.' o' the above val'_es .:I'I appear or. each I'me of dat-i ertered and h
C RFAID frnm DO !_00P! tructuned as f'c' ws-

C ~Frn each INSOOT -

C:4c
Feed o oven -h rr- -P of fen F ,inpt a ft," P Je C 1 a bo ve

('~ 0DEPTH ,
Feed 2

Cr? Feed '

CC ~Fernd r

DrT r ovn'he nanre c' detninput after commer, I 2re C1%

f~ ~p a 1 ine ( or put Ir a cornent 'inc h)efo",- each 'T77TP 1ata rot..

Cr 3

Cr2j Skip etc

Z nter a zero "f na at wan ,-n fr- 3 latcul,- "P711! and FEED.
r, 7 ! ei 2ntryr after cc.mmr, -' s"
C P Pii vrtnvs .T- 'prtc r nf 'mme ach aF -shnwn from CA(I to C"2.
r0 r ( I~

(77( r~n ?5 r78?rI 1?3472 '2'' (ron 1 ~(h 124n fV C

3 56



C 71 N SEP- DERPTH7 F T2 : O- OWP

C72 :NDEY INDFX TN!2X- TNIrn: INP ICTFN- EXPONENT
C7 3
This line fo')owin', r-orrment lre f C71 tlXe PYT? line )b-efore first TIISE.- 3.0'.

3C, ?
3( 1 2 1 2.471 0
301 11 :..1

skip
1 1 7 ~7.7097

1 r 20
3)2 13 171 2.%0

sk i P

3 1 7.721

3 0 11121 . O 4

11 1 2 749

1 1 Ii 1 2.07

1c,1' 2.6700 *11
1 2.70F1?

sk ip
~ ' 111 2.701

27 1 2. 70W 0
?07 1 71 2 7 7 .0
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Data File: R DIA55DATA

Cl DIA55DATA( data file 8 for subroutine DDIAMOND_55 called by program SORT
C2
C3
C4 NOTE : Comment lines in the data file are identified at the left
CS The number of comment lines and their placement rre fixed by program
C6 SORT. However. the content may be altered or omited.
C7
C8 INPUT the number of data entries in the order specified
C9 below. These numbers MUST correspond to the number of
CIO entries for each category in this data file.
CIl NSERTS NDEPTHS NFEEDS NFINISHS NCHIPS

4 1 3 6 3
C12 INPUT D.O.Cuts ( used in tests to obtain data I after comment line C14

C13 Enter NDEPTHS numbers in thousandths of an inch from the
C14 smallest INCREASING to the largest.

200
C15 INPUT FEEDs ( used in tests to obtain data I after comment line C17

C16 Enter NFEEDS numbers in thousandths of an inch from the
C17 smallest INCREASING to the largest.

20 23 27
Cis INPUT FINISHes ( obtained from test data I after comment line C20
C19 Enter NFINISHS numbers in micro-inchs RMS from the

C20 smallest INCREASING to the largest.
180 250 330 375 500 600

C21 Enter SURFACE FINISH, corresponding to NFINISHS numbers, how you
C22 would like them to be outputted in the program.
C23 Place each SFINISH on a seperate line. starting with the smallest

C24 RMS to the largest RMS Each SFINISH is allowed 10 characters,
C25 starting in Column 11.
C26 1 2 3
C27 6789012345678901234567890

125+
250
250+

250-500
500
500+

C28 INPUT chip Quality DESCRIPTIONS on separate lines up to 50 spaces wide.

C29 Enter NCHIPS lines describing chip catagories used in data collection

C30 Enter the BEST first, the WORST last. Begin after comment line C30.
I - good. all small chips, no curls
2 - fair, 70% small chips. 30% short curls
3 - poor, bird cage, long curls, etc.

C3l INPUT IDENTIFIERS for each insert on separate lines up to 80 spaces wide,

C32 followed by NOTES on test observations on a line up to 80 spaces wide.

C33 Begin input of INSERT IDENTIFIER lines after this comment line C33.
401 tool No. 50143 Sandvik 415 - Multi DNMG-543 (4130:29/30)
01 Note- All Feeds - Sparking and Some Nose Chipping

402 tool No. Valenite V05 - ALOX DNMG-542 (4130:29'30)
02 Note- All Feeds - Edge and Nose Chipping

403 tool No Kennametal 950 - Multi DNMO-543 (4130-29/30)
03 Note 0 020'-Spking, 0.023-Spking/Crater, 0 027"-Spking/Nose Chipping

41i4 tool No Carboloy 560 - Multi DNMO-543E-48 (4130:29.'301
04 Note- 0 020-Nose Wear, 0 023' and 0 027-Sparking/Nose Chipping
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C34
C35
Cr36 INPUT below FINISH, CHIP, COEFFICIENT, and POWER data from each test run.

C37 Finish and chip Qualities are indicated by the Integer corresponding to

C38 catagories entered above. These are followed by the COEFFICIENT and POWER

C39 ( used in the tool-life, speed equation from the data for each test.

C40
C41 ALL of the above values will appear on each line of data entered and be

C42 READ from DO LOOPs structured as follows -

C43
C44 For each INSERT -

C45 DEPTH 1
C46 Feed 1

C47 Feed 2
C48 ...
C49 Feed n ( over the range of feeds input after line C17 above

C50 DEPTH 2

C51 Feed 1
C52 Feed 2
C53 ...
C54 Feed n
C55 ....
C56 DEPTH m ( over the range of depths input after comment line C14

C57 Feed I
C58 ...
C59 Skip a line ( or put in a comment line ) before each INSERT data set.
C60 Next INSERT
C6I DEPTH 1
C62 Feeds
C63 etc-
C64 Skip etc
C65
C66 Enter a zero if no data was taken for a particular DEPTH and FEED.

C67 Begin entrys after comment line C73

C68 Put entrys in 7 positions of 10 spaces each as shown from C69 to C72.

C69 1 2 3 4 5 8 7

C70 67890123456789012345678901234567890123456789012345678901234567890123456789
C71 INSERT: DEPTH : FEED FINISH CHIP COEF- : POWER :

C72 INDEX : INDEX : INDEX : INDEX : INDEX FICIENT : EXPONENT:
C73
This line following comment line C73 is the SKIP line before first INSERT 401.

401 1 1 2 2 2.7433 .14

401 1 2 4 2 2.7579 .15

401 1 3 3 2 2.6689 .12
skip

402 1 1 5 1 2.6047 .08

402 1 2 5 2 2.6224 .12

402 1 3 5 2 2.6876 .22
skip

403 1 1 4 1 2.9276 .26

403 1 2 5 1 2.6511 .07

403 1 3 4 1 2.7067 .13
skip

404 1 1 4 1 2 6395 02

404 1 2 3 2 2 6430 07

404 1 3 5 1 2.6139 .08
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Data File: R ROUDATA

Cl ROUDATA data file 9 for subroutine ROUND called by program SORT
C2

C3
C4 NOTE : Comment lines in the data file are identified at the left.
C5 The number of comment lines and tneir placement are fixed by przgram
C6 SORT. However, the content may be altered or ommited.
C7
C8 INPUT the number of data entries in the order specified

C9 below These numbers MUST correspond to the number of
CIO entries for each category in this data file.

CIli NSERTS NDEPTHS NFEEDS NFINISHS NCHIPS
4 1 4 6 3

C12 INPUT D.O.Cuts ( used ir tests to obtain data ) after comment line C14
C13 Enter NDFPTHS numbers in thousandths of an inch from the
C14 smallest INCREASING to the largest.

200
C15 INPUT FEEDs ( used in tests to obtain data ) after comment line C17
C16 Enter NFEEDS numbers in thousandths of an inch from the
C17 smallest INCREASING to the lai :est.

20 23 27 -0
C18 INPUT FINISHes C obtained from test data ) after comment line C20
C1Q Enter NFIN13HS numbers in micro-inchs RMS from the
C20 smallest IN7REASINO to the largest.

160 2P0 330 315 500 600

C21 Enter SURiACE FINISH, corresponding to NFINISHS numbers, how you
C22 would like t L t. be outputted in the program.
C23 Place each SFINISH on a seperate line. starting with the smallest
C24 RMS to the largest RMS Each SFINISH is allowed 10 characters,

025 starting in Column 11
C26 1 2 3
C27 6789012345678901234567890

125+
250
250+

250-500
500
500+

C28 INPUT chip Quality DESCRIPTIONS on separate lines up to 50 spaces wide.

C29 Enter NCHIPS lines describing chip catagories used in data collection.

C30 Enter the BEST first, the WORST last. Begin after comment line C30.
1 - good, all small chips, no curls
2 - fair, 70% small chips, 30% short curl
3 - poor, bird cage, long curls, etc.

C31 INPUT IDENTIFIERS for each insert on separate lines up to 80 spaces wide,
C32 followed by NOTES on test observations on a line up to 80 spaces wide.

C33 Begin input of INSERT IDENTIFIER lines after this comment line C33.
501 Tool No 51048 Xennametal 950 - Multi RNMO 64 (4130- 29/30)

01 Note - 0 023 Edge Wear, 0 027' + 0.030" Edge Wear + Sparking

502 Tool N3 VR/Wessor 680 - Multi RNM0 64 (4130: 29/30)

02 Note - 0.023" Sparking, 0.027' + 0 030" Edge Wear + Sparking
503 Tool No. 51049 Carboloy 570 - AIOX RNMO 64 - 48 (4130: 29/30)
03 Note-0.023" EdgeWear+Sparking, 0 027" Sparking, 030" EdgeWear+Sparking

504 Tool No. 51050 Valenite V05 - AlOX RNMO 64 (4130: 29/30)
Z4 No.ei .023" Edge Weft, + Sparking. 0027' + 0.030" Edge Wear + Chipping
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C34
C55

C36 INPUT below FINISH. CHIP, COEFFICIENT, and POWER data from each test run.
C37 Finish and chip Qualities are indicated by the :nteger corresponding to
C38 catagories ent-red above. These are followed by the COEFFICIENT and POWER
C39 ( used in the tool-life, speed equation ) from the data for eah test.
C40
C41 ALL of the above values will appear on each line of data entered and be
C42 READ from DO LOOPs structured as follows -

C43
C44 For each INSERT -
C45 DEPTH 1
C46 Feed I
C47 Feed 2
C48 ...
C49 Feed n over the rahge oO feeds input after line C27 above
C50 DEPTH 2
C51 Feed 1
C52 Feed 2
C53. .
C54 Feed n
C55 . .
C56 DEPTH m ( over the range of depths input after comment line C14
C57 Feed 1
C58 ...
C59 Skip a line ( or put in a comment line ) before each INSERT data set.
C60 Next INSERT
C61 DEPTH 1
C62 Feeds
C63 etc.
C64 Skip etc
C65
C66 Enter a zero if no data was taken for a particular DEPTH and FEED.
C67 Begin entrys After comment line C73
C68 Put entrys in 7 positions of 10 spaces each as shown from C69 to C72.
C69 1 2 3 4 5 6 7
C70 67890123456789012345678901234567890123456789012345678901234567890123456789
C71 INSERT: DEPTH FEED FINISH CHIP COEF- : POWER :
C72 INDEX INDEX : INDEX INDEX INDEX FICIENT EXPONENT:
C73
This line following comment line C73 is the SKIP line before first INSERT 501.

501 1 1 0 0 0 0
501 1 2 1 1 3.0161 .26
501 1 3 4 1 3 0735
501 1 4 4 1 2.8183 .14

ekip
502 1 1 0 0 0 0
502 1 2 1 2 2.9370 21
502 1 3 4 1 2.6681 05
502 1 4 5 1 2.6751 .05

skip
503 1 1 0 0 0 0
503 1 2 3 2 2.9025 ]7
503 1 3 4 1 2.7513 .07
503 1 4 5 1 2 73'y .07

skip
504 1 1 0 0 0 0
504 1 2 4 1 2 9249 27
504 1 3 5 1 2.7896 10
504 1 4 p 1 *2 "7017 .06
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FINISHING SIZE INSERTS
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APPENDIX E

MACHINING DATA PROGRAM FOR FINISHING/ROUGHING SIZE

COATED CARBIDE CUTTING INSERTS USED IN TURNING OPERATIONS

i.~ I
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MACHINING DATA PROGRAM

FOR

FINISHING / ROUGHING SIZE

COATED CARBIDE CUTTING INSERTS

USED IN

TURNING OPERATIONS

HIT RETURN TO CONTINUE

EXPERIMENTAL

EQUIPMENT -- Single point turning using a 30/60 horsepower turret lathe

CUTTING CONDITION -- Dry cutting only with fluid cooled workpiece

WORKPIECE MATERIAL-- AISI 4140 steel, hot rolled tubing for fini3hing inserts.
Heat treated, Quenched and Tempered to HRC 31 - 33

AISI 4140 & 4130 steel, hot rolled tubing for roughing inserts.
Heat treated, Quenched and Tempered to HRC 32 - 35 and 29/30 res

TOOL MATERIALS -- CVD coated carbide inserts
ALOX : ALOX exterior coating with TiC coat at substrate

interface
Multi : TiN exterior coating with ALOX coat intermediate,

and TiC or TaC coat at substrate interface

TOOL HOLDERS -- Negative 5 degree back rake and side rake angles with SCEA
ranging from + 15 degrees to -3 degrees depending on
shape of insert

ENTER RETURN TO CONTINUE
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TOOL INSERT SIZE -- IC = 1/2 in. for finishing cut, DOC = 0.060 in.
IC = 5/8 in. or 3/4 in. for roughing cut, DOC = 0.200 in.

TOOL WEAR CRITERIA -- Finishing flank wear limits - 0.010" ave, or 0.020" max.
Roughing flank wear limits - 0.015" ave, or O.O3O" max.

MEASURING PROCEDURE -- Tool flank wear was measured at predetermined time
intervals (min.) until wear limit was reached

PERFORMANCE -- Tool life (min.) was recorded when the flank wear limit was
reached, and the quality of chip control/form were judged and
given a good, fair, or poor rating.

Workpiece surface finishes were assigned RMS(micro-inch) values
by visual/tactual comparisons using a Std. Ordnance Finishes
Set No. 10.

Wear mode patterns and occurance frequency were recorded per
insert, as was the calculation of metal removal rate.

ENTER RETURN TO CONTINUE

Select Size of Insert to be Used:

1 Finishing (IC = 1/2 in.)
2 Roughing (IC = 5/8 in. OR 3/4 in.)

E Exit from the Program

0
Select Insert Shape

1 triangular
2 square
3 diamond 80 degree
4 diamond 55 degree
5 round

E Exit from the program.
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Program will search DATA for the 18 DIAMOND(80 DEG) inserts tested.

301 tool No. 50743 TRW - 918 - Al Ox CNMG 432
302 tool No. Carboloy - 545 - Al Ox CNMG 432 - 48
303 tool No. 50741 Cleveland - CP1 - Al Ox CNMP 432 - 43
304 tool No. Cleveland - CP1 - Al Ox C!MG 432
305 tool No. Carmet - 7000 - Al Ox CNMG 432 - E
306 tool No. 50129 Sandvik - 015 - Al Ox CNMG 432 - 61
307 tool No. 50742 Firth Sterling CC46- Al Ox CNMG 432
308 tool No. Valenite - V05 - Al Ox CNMG 432
309 tool No. Newcomer - NA02 - Al Ox CNMG 432
310 tool No. 50009 Kennametal - 950 - Multi CNMS 432
311 tool No. Seco - TPIO - Multi CNMM 432 - 37
312 tool No. Seco - TP15 - Multi CNMM 432 - 37
313 tool No. Cleveland - CM3 - Multi CNMP 432 - 43
314 tool No. Cleveland - CM3 - Multi CNMG 432
315 tool No. 50127 Sandvik - 415 - Multi CNMG 432 - 15

Enter any key to continue .

316 tool No. Sandvik - 435 - Multi CNMG 432 - 61
317 tool No. 50740 VR/Wesson - 680 - Multi CNMM 432 - E
J18 tool No. Valenite - VC7 - Uncoated CNGG - 432

Enter any key to continue
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Choose FIRST Priority

F surface Finish

Q chip Quality

0

Priority 1 - surface Finish

Type in surface Finish you must have in

micro-inchs RMS
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You asked for a 125. micro-inch finish.

Surface Finish data from test results that
are closest to your specification are

125 micro-inches RKS ( compared to 125 RMS )

All results that follow will be based on this value.

Priority 2

Specify lowest chip Quality you can ilve with.
I - good, all small chips, no curls
2 - fair, 70% small chips, 30% short curls

3 - poor, bird cage, long curls, etc.

Only data for which chip Quality equals or exceeds

2 - fair, 70% small chips, 30% short curls

will be considered.

Type the Depth Of Cut you want in

thousandths of an inch.

Finishing - DOC = 0.060" : Roughing - 0.200"
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You asked for a 0.060 inch Depth Of Cut.

The DEPTH for which test results are available
that is closest to your request is

0.060 inch

All results that follow will be based on this value.

Choose Feed OPTION

1 User SPECIFIED Feed

2 All available Feed DATA that satisfy
surface Finish & chip Quality criteria
wili be considered.

0

Feed Option 1 - User Specified Feed

Type the FEED you want in

thousandths of an inch / rev.

E
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You aFked for a 0.017 inch / rev. Feed.

The FEED for which test results are available
that is closest to your request is

0.017 inch / rev.

All results that follow will be based on this value.

Choose Tool Life OPTION.

1 user specifies Tool Life
2 user specifies Length Of Cut
3 user specifies Surface Speed
4 optimize tool life for Lowest Cost
5 optimize tool lif'e for Maximum uutpuL

Note: Results are most reliable in the Tool Life range from
to 25 minutes.

Computations are limited to this range.

Would you like the Cost($) per cubic inch given in the output?
Y/N )
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Type the Diameter Of Workpiece in

inches.

C
Type the Surface Speed you need in

surface feet per minute

Type the Time allowed to Change Inserts in

0minutes

Type apporoximate Cost per Edge for inserts in

20 
dollars / edge

Type the Labor plus Overhead rate in

dollars / hour
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307 tool No. 50742 Firth Sterling CC46- A! Ox CNMG 432
07 Note- 0.012" - Nose Notch, 0.017" - Slight Notching
Chip Quality 1 - good, all small chips, no curls

Surf. Finish 125 micro - inches
Depth of Cut 0.060 inch
Feed = 0.017 inch / rev.

Tool Life 5.4 minutes
Surface Speed= 500. surface feet / minute
M. R. Rate 6.1 cubic inches / minute

D. 0. Workpc 6.0 inches
L. 0. Cut = 29. inches

R. P. M. 318. rev. / minute
Cost = $ 0.19 per cubic inch

Computations for user specified Depth Of Cut and Feed

D. 0. Cut 0.060 inch
Feed = 0.017 inch / rev.

M. R. Rate = 6.1 cubic inches / minute
L. 0. Cut 29. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.

310 tool No. 50009 Kennametal - 950 - Multi CNVIS 432

10 Note- 0.012" - Slight Nose Notch, 0.017" - Slight Sparking
Chip Quality 2 - fair, 70% small chips, 30% short curls

Surf. Finish 125 micro - inches
Depth of Cut 0.060 inch
Feed = 0.017 inch / rev.

Tool Life = 11.7 minutes
Surface Speed= 500. surface feet / minute
M. R. Rate 6.1 cubic inches / minute

D. 0. Workpc = 6.0 inches
L. 0. Cut = 63. inches

R. P. M. = 318. rev. / minute
Cost = $ 0.18 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut = 0.060 inch

Feed z 0.017 inch / rev.
M. R. Rate = 6.1 cubic inches / minute
-. 0. Cut f 63. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.
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301 tool No. 50743 TRW - 918 - Al Ox CNMG 432
01 Note- 0.012" - Notch, n.017" - Slight Notching
Chip Quality 2 - fair, 70% small chips, 30% short curls

Surf. Finish = 1 micro - inches
Depth of Cut C0.060 inch
Feed .0.017 inch ' rev.

Tool Life z 5.0 minutgs
Surface Speed= i33. surface feet / mi,..te
M. R. Rate = 5.9 cubic inches / minute

D. 0. Workpc 6.0 inches
0. 0. Cut 26. inches

R. P. M. 307. rev. / minute
Cost $ 0.20 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut z 0.060 inch
Feed z 0.017 inch / rev.

M. R. Rate 5.9 cubic inches / minute
L. 0. Cut 26. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.

)09 tool No. Newcomer - NA02 - Al Ox CNr1G 432
0' Note- 0.017" - Slight Notch, 0.017" - Nose Wear
Chip Quality = - good, all small chips, no curls

Surf. Finish 125 micro - inches
Depth of Cut 0.060 inch
Feed 0.017 inch / rev.

Tool Life = .0 minutes
Surface Speed= 463. surface feet / minute
M. R. Rate 5.7 cubic inches / minute

D. 0. Workpc = 6.0 inches
L. 0. Cut 25. inches

R. P. M. 2q8. rev. / minute
Cost $ 2. 1 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut 0.1"60 inch
Feed 0.117 inch / rev.

M. R. hate 5 .7 cubic irches / minute
L. 6. Cut = /5. inches

! nter "" to Return to Option Menu . Enter any ether ?:ey to continue.
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312 tool No. Seco - TP15 - Multi CNMM 432 - 37
12 Note- 0.017" - CE Cratering & Slight Notch
Chip Quality 1 - good, all small chips, no curls

Surf. Finish = 125 micro - inches
Depth of Cut 0.060 inch
Feed 0.017 inch / rev.

Tool Life z 5.0 minutes
Surface Speed= 447. surface feet / minute
M. R. Rate 5.5 cubic inches / minute

D. 0. Workpc = 6.0 inches
L. 0. Cut 24. inches

R. P. M. 285. rev. / minute
Cost $ 0.22 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut = 0.060 inch
Feed = 0.017 inch / rev.

M. R. Rate = 5.5 cubic inches / minute
L. 0. Cut = 24. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.

302 tool No. Carboloy - 545 - Al Ox CNMG 432 - 48
02 Note- 0.017" - Sparking, 0.017"1 - Slight Cratering
Chip Quality 1 - good, all small chips, no curls

Surf. Finish = 125 micro - inches
Depth of Cut = 0.060 inch
Feed = 0.017 inch / rev.

Tool Life = 5.0 minutes
Surface Speed= 426. surface feet / minute
M. R. Rate = 5.2 cubic inches / minute

D. 0. Workpc = 6.0 inches
L. 0. Cut 23. inches

R. P. M. 271. rev. / minute
Cost = $ 0.23 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut : 0.060 inch
Feed = 0.017 inch / rev.

M. R. Rate = 5.2 cubic inches / minute
L 0. Cut = 23. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.
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318 tool No. Valenite - VC7 - Uncoated CNGG - 432
18 Note - 0.012" - Slight Sparking
Chip Quality 2 - fair, 70% small chips, 30% short curls

Surf. Finish 125 micro - inches
Depth of Cut 0.060 inch
Feed = 0.017 inch / rev.

Tool Life = 5.0 minutes
Surface Speed= 422. surface feet / minute
M. R. Rate 5.2 cubic inches / minute

D. 0. Workpc 6.0 inches
L. 0. Cut = 23. inches

R. P. M. = 269. rev. / minute
Cost $ 0.23 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut 0.060 inch
Feed = 0.017 inch / rev.

M. R. Rate = 5.2 cubic inches / minute
L. 0. Cut = 23. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.

308 tool No. Valenite - V05 - Al Ox CNMG 432
08 Note- 0.012" - Slight Notch, 0.017" - Slight Sparking
Chip Quality = 2 - fair, 70% small chips, 30% short curls

Surf. Finish = 125 micro - inches
Depth of Cut 0.060 inch
Feed 0.017 inch ' rev.

Tool Life 5.0 minutes
Surface Speed= 118. surface feet / minute
M. R. Rate = 5.1 cubic inches / minute

D. 0. Workpc = 6.0 inches
L. 0. Cut 23. inches

R. P. M. 266. rev. / minute
Cost = $ 0.24 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut - 0.060 inch
Feed = 0.017 inch / rev.

M. H. Rate = 5.1 cubic inches / minute
L. 0. Cut = 23. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.
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305 tool No. Carmet - 7000 - Al Ox CNMG 432 - E
05 Note- 0.017" - Slight Sparking
Chip Quality 2 - fair, 70% small chips, 30% short curls

Surf. Finish 125 micro - inches
Depth of Cut 0.060 inch
Feed = 0.017 inch / rev.

Tool Life = 5.0 minutes
Surface Speed= 416. surface feet / minute
M. R. Rate = 5.1 cubic inches / minute

D. 0. Workpc = 6.0 inches
L. 0. Cut 23. inches

R. P. M. 265. rev. / minute
Cost $ 0.24 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut = 0.060 inch
Feed = 0.017 inch / rev.

M. R. Rate = 5.1 cubic inches / minute
L. 0. Cut = 23. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.

Re-enter program at Options for :

1 Shape of Insert ( the beginning
2 Finish and Chip priority
3 Feed
4 Tool Life / Length of Cut
5 Repeat of Results

Exit enter any other key
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MACHINING DATA PROGRAM

FOR

FINISHING / ROUGHING SIZE

COATED CARBIDE CUTTING INSERTS

USED IN

TURNING OPERATIONS

HIT RETURN TO CONTTNUE

EXPERIMENTAL

EQUIPMENT -- Single point turning using a 30/60 horsepower turret lathe

CUTTING CONDITION -- Dry cutting only with fluid cooled workpiece

WORKPIECE MATERIAL-- AISI 4140 steel, hot rolled tubing for finishing inserts.
Heat treated, Quenched and Tempered to HRC 31 - 33

AISI 4140 & 4130 steel, hot rolled tubing for roughing inserts.
Heat treated, Quenched and Tempered to HRC 32 - 35 and 29/30 res

TOOL MATERIALS -- CVD coated carbide inserts
ALOX : ALOX exterior coating with TiC coat at substrate

interface
Multi : TiN exterior coating with ALOX coat intermediate,

and TiC or TaC coat at substrate interface

TOOL HOLDERS -- Negative 5 degree back rake and side rake angles with SCEA
ranging from + 15 degrees to -3 degrees depending on
shape of insert

ENTER RETURN TO CONTINUE

E19



TOOL INSERT SIZE -- IC = 1/2 in. for finishing cut, DOC = 0.060 in.
IC = 5/8 in. or 3/4 in. for roughing cut, DOC = 0.200 in.

TOOL WEAR CRITERIA -- Finishing flank wear limits - 0.010" ave, or 0.020" max.
Roughing flank wear limits - 0.015" ave, or 0.030" max.

MEASURING PROCEDURE -- Tool flank wear was measured at predetermined time
intervals (min.) until wear limit was reached

PERFORMANCE -- Tool life (min.) was recorded when the flank wear limit was
reached, and the quality of chip control/form were judged and
given a good, fair, or poor rating.

Workpiece surface finishes were assigned RMS(micro-inch) values
by visual/tactual comparisons using a Std. Ordnance Finishes

Set No. 10.

Wear mode patterns and occurance frequency were recorded per
insert, as was the calculation of metal removal rate.

ENTER 'RETURN! TO CONTINUE

Select Size of Insert to be Used:

1 Finishing (IC = 1/2 in.)
2 Roughing (IC = 5/8 in. OR 3/4 in.)

E Exit from the Program

0
Select Insert Shape

1 triangular
2 square
3 diamond 80 degree
4 diamond 55 degree
5 round

E Exit from the program.

F
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Program will search DATA for the 5 SQUARE inserts tested.

201 tool No. 50086 Sandvik 415 - Multi SNMM 643 - 71 (4140: 34)
202 tool No. Sandvik 435 - Multi SNM4 643 - 71 (4140: 34)
203 tool No. 51046 Seco TP15 - Multi SNMM 643 - 37 (4140: 34)
204 tool No. Widalon TK15 - Multi SNNM 643 - 6 (4140: 34)
205 tool No. 50082 Sandvik S6 - Uncoat SNMG 644 (4140: 34)

Enter any key to continue
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Choose FIRST Priority

F surface Finish

Q chip Quality

Priority 1 - surface Finis-h

Type in surface Finish you must have in

ricrc-inchzs RIAS



You asked for a 500. micro-inch finish.

Surface Finish data from test results that
are closest to your specification are

500 micro-inches RnS ( compared to 500 RMS

All results that follow will be based on this value.

Priority 2

Specify lowest chip Quality you can live with.
1 - good, all small chips, no curls
2 - fair, 70% small chips, 30% short curlso poor, bird cage, long curls, etc.

Only data for which chip Quality equals or excecds

2 - fair, 70% small chips, 30% short curls

will be considered.

Type the Depth ;'f Cut you want in

thousandths of an inch.

Finishing - DOC = 0.060" : Roughing - 0.200")
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You asked for a 0.200 inch Depth Of' Cut.

The DEPTH for which test re3ults are available
that is closest to your request is

0.200 inch

All results that follow will be based on this value.

Choose Feed OPTION

1 User SPECIFIED Feed

2 All available Feed DATA that satisfy
surface Finish & chip Quality criteria
will be considered.C

Feed Option I - User Specified reed

Type the FEED you want in

thousandths of an inch / rev.

0
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Y-,i asked for a 0.C123 inch / rev. Feed.

The FEED for which test results are available
that is closest to your request is

0.023 inch / rev.

All results that follow will be based on this value.

Choose Tool Life OPTION.

I user specifies Tool Life
2 user specifies Length Of Cut
3 user specifies Surface Speed
4 optimize tool life for Lowest Cost
5 optimize tool life for Maximum Output

Note: Results are most reliable in the Tool Life range from
5 to 25 minutes.cD Computations are limited to this range.

Would you like the Cost($) per cubic inch given in the output?
( Y/N )
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Type the Diameter Of Workpiece in

inches.

Type the Surface Speed you need in

surface feet per minute

Type the Time allowed to Change Inserts in

ominutes

Type apporoximate Cost per Edge for inserts in

dollars / edge

Type the Labor plus Overhead rate in

dollars / hour
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5 Insert - Feed combinations satisfy your speifi-at i,.

They will be listed accordlsg to their

Metal Removal Rates.

The first will have the highest MR

decreasing to the last.

Enter any key to see the 1st PAGE of INSERTS.

204 tool No. Widalon TK15 - Multi SNmm 643 - 6 (41i: 1 J4)

201 tool No. 50086 Sandvik 415 - Multi SNI1 6!43 - 71 (41'40: i4)
203 tool No. 51046 Seco TP15 - Multi SNIMA 643 -37 (4140: 4)
202 tool No. Sandvik 435 - Multi SNMM 643 - 71 (4144: 34)

05 tool No. 50082 Sandvik 36 - Uncoat SNMO 644 (41LD: 34)

Enter "R" to Return to Option Menu. Enter any other key to continue.

ENTER # OF OPTION WANTED:

I to look at Output of an Individual Insert

2 to see All inserts in order of highest MR

3 to see the List of sorted inserts

4 to see I!:st of originally Inputted parameters

S to see Definitions of terms used in line of NOTES on output

6 to Return to Option Menu

0
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204 tool No. Widalon TK15 - Multi SNMM 643 - 6 (4140: 34)
04 Note-
Chip Quality 2 - fair, 70% small chips, 30% short curls

Surf. Finish = 250-500 micro - inches
Depth of Cut 0.200 inch
Feed 0.023 inch / rev.

Tool Life = 14.1 minutes
Surface Speed= 400. surface feet / minute
M. R. Rate 22.1 cubic inches / minute

D. 0. Workpc = 6.0 inches
L. 0. Cut 83. inches

R. P. M. 255. rev. / minute
Cost = $ 0.05 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut 0.200 inch
Feed 0.023 inch / rev.

M. R. Rate = 22.1 cubic inches / minute
L. 0. Cut = 83. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.

201 tool No. 50086 Sandvik 415 - Multi SNNM 643 - 71 (4140: 34)
01 Note- All Feeds - Sparking, > 0.023" - Nose Def.
Chip Quality 1 1 - good, all small chips, no curls

Surf. Finish = 250 micro - inches
Depth of Cut 0.200 inch
Feed = 0.023 inch / rev.

Tool Life = 5.0 minutes
Surface Speed= 376. surface feet / minute
M. R. Rate = 20.8 cubic inches / minute

D. 0. Workpc = 6.0 inches
L. 0. Cut 28. inches

R. P. M. 239. rev. / minute
Cost = $ 0.06 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut 0.200 inch
Feed = 0.023 inch / rev.

M. R. Rate = 20.8 cubic inches / minute
L. 0. Cut = 28. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.
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203 tool No. 51040 Seco TP15 - Muli SNMM 645 - 37 (.4>0: ;Ki
03 Note- < 0.023" - End Sparking, 0.027" - Screeching
Chip Quality 1 - good, all small chips, no curls

Surf. Finish = 250-500 micro - inches
Depth of Cut 0.200 inch
Feed 0.023 inch / rev.

Tool Life = 5.0 minutes
Surface Speed= 357. surface feet / minute
M. R. Rate = 19.7 cubic inches / minute

D. 0. Workpc 6.0 inches
L. 0. Cut 26. inches

R. P. M. 227. rev. / minute
Cost = $ 0.06 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut 0.200 inch
Feed = 0.023 inch / rev.

M. R. Rate 19.7 cubic inches / minute
L. 0. Cut 26. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.

202 tool No. Sandvik 435 - Multi SNMM 643 - 71 (4140: 34)
02 Note-
Chip Quality I - good, all small chips, no curls

Surf. Finish 250+ micro - inches
Depth of Cut = 0.200 inch
Feed = 0.023 inch / rev.

Tool Life = 5.0 minutes
Surface Speed= 320. surface feet / minute
M. R. Rate Z 17.7 cubic inches / minute

D. 0. Workpc 6.0 inches
L. 0. Cut = 23. inches

R. P. M. 204. rev. / minute
Cost = $ 0.07 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut : 0.200 inch

Feed = 0.023 inch / rev.
M. R. Rate = 17.7 cubic inches / minute
L. 0. Cut = 23. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.
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205 tool No. 50082 Sandvik S6 - Uncoat SNMG 644 (4140: 34)
05 Note- 0.020" + 0.023" -Sparking/Screeching, 0.027" -Cratering
Chip Quality I - good, all small chips, no curls

Surf. Finish 250+ micro - inches
Depth of Cut 0.200 inch
Feed 0.023 inch / rev.

Tool Life 5.0 minutes
Surface Speed= 261. surface feet / minute
M. R. Rate 14.4 cubic inches / minute

D. 0. Workpc 6.0 inches
L. 0. Cut 19. inches

R. P. M. 166. rev. / minute
Cost $ 0.08 per cubic inch

Computations for user specified Depth Of Cut and Feed
D. 0. Cut = 0.200 inch
Feed = 0.023 inch / rev.

M. R. Rate = 14.4 cubic inches / minute
L. 0. Cut 19. inches

Enter "R" to Return to Option Menu. Enter any other key to continue.

Re-enter program at Options for :

I Shape of Insert ( the beginning )
2 Finish and Chip priority
3 Feed
4 Tool Life / Length of Cut
5 Repeat of Results

Exit enter any other key
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